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The N a r r a t o r Brook d r a i n s a c a t c h m e n t a r e a o f 4,6 8 km 
w h i c h i s e n t i r e l y u n d e r l a i n by g r a n i t e and w h i c h i n c l u d e s 
-moorland, improved p a s t u r e and c o n i f e r o u s f o r e s t p l a n t a t i o n . 
O b s e r v a t i o n s o f suspended s e d i m e n t and s o l u t e t r a n s p o r t by 
t h e N a r r a t o r Brook a r e b a s e d on s t r e a m s a m p l i n g combined 
w i t h l a b o r a t o r y a n a l y s i s . B e d l o a d t r a n s p o r t i s m e a s u r e d by 
t r a p sunk i n t o t h e s t r e a m bed. R e s p e c t i v e y i e l d s o f 
s o l u t e s , s u s p e n ded s e d i m e n t and b e d l o a d o v e r the 19 months 
o f o b s e r v a t i o n (25/5/75 t o 13/12/76) a r e 12.6 t/km^, 4.0 
t/km and 0.1 t/km . 
A f f o r e s t a t i o n i n t h e N a r r a t o r c a t c h m e n t i s r e s p o n s i b l e 
f o r a c c e l e r a t i n g t h e r a t e o f bank e r o s i o n and t h i s h a s 
c o n t r i b u t e d s i g n i f i c a n t l y t o t h e s e d i m e n t t r a n s p o r t e d by 
t h e N a r r a t o r Brook. S o i l w e l l o b s e r v a t i o n s i n d i c a t e t h a t 
o v e r l a n d f l o w i s b o t h f r e q u e n t and w i d e s p r e a d i n t h e 
N a r r a t o r c a t c h m e n t s u g g e s t i n g t h a t c a t c h m e n t s l o p e s a l s o 
c o n s t i t u t e a m a j o r s o u r c e o f s e d i m e n t . With r e s p e c t t o 
t h e s o u r c e s f o r s o l u t e s t r a n s p o r t e d by t h e N a r r a t o r Brook, 
t h e atmosphere s u p p l i e s 70.1% w i t h t h e r e m a i n i n g 29.9% 
o r i g i n a t i n g from r o c k w e a t h e r i n g i n t h e c a t c h m e n t . 
Suspended s e d i m e n t d y n a m i c s a r e c h a r a c t e r i s e d by c l o c k -
w i s e h y s t e r e s i s . a n d h i g h e r c o n c e n t r a t i o n s i n summer f o r a 
g i v e n d i s c h a r g e t h a n i n w i n t e r . T h i s , combined w i t h t h e 
emergence from m u l t i p l e r e g r e s s i o n a n a l y s i s o f p r e c i p i t a t i o n 
i n t e n s i t y a s the p r e d o m i n a n t c o n t r o l , o f suspended s e d i m e n t 
c o n c e n t r a t i o n , r e f l e c t s t h e i m p o r t a n c e o f c a t c h m e n t s l o p e s 
a s a s o u r c e o f suspended s e d i m e n t . A n a l y s i s of v a r i a t i o n s 
i n s o l u t e c o n c e n t r a t i o n r e v e a l s t h e e x i s t a n c e o f b o t h 
f l u s h i n g and c h e m i c a l b u f f e r i n g mechanisms i n the N a r r a t o r 
c a t c h m e n t . 
Suspended s e d i m e n t y i e l d i s g r e a t e s t below t h e r e g i o n 
o f improved p a s t u r e i n t h e N a r r a t o r c a t c h m e n t and l e a s t 
below t h e moorland r e g i o n o f t h e c a t c h m e n t . S o l u t e 
p r o d u c t i o n i s more u n i f o r m o v e r t h e N a r r a t o r c a t c h m e n t 
t h a n s u s p e nded s e d i m e n t p r o d u c t i o n b u t i s s l i g h t l y 
h i g h e r i n t h e f o r e s t e d r e g i o n t h a n e l s e w h e r e . I n t h e 
upper r e a c h e s o f t h e N a r r a t o r Brook b a s e f l o w s u s p e nded 
s e d i m e n t and s o l u t e c o n c e n t r a t i o n s a r e i n f l u e n c e d by 
o u t f l o w from m a r s h e s w h i c h b o r d e r t h e s t r e a m . I n t h e 
l o v e r r e a c h e s downstream v a r i a t i o n s i n b a s e f l o w s u s p e n d e d 
s e d i m e n t and s o l u t e c o n c e n t r a t i o n a r e d e t e r m i n e d r e s p e c t i v e l y 
by c h a n n e l g r a d i e n t and a r e a o f c a t c h m e n t f o r e s t e d . 
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CHAPTER 1 
RESEARCH OBJECTIVES 
1.1 I n t r o d u c t i o n 
W i t h t h e impetus p r o v i d e d by t h e r e c e n t h y d r o l o g i c a l 
decade, s m a l l catchment s t u d i e s i n Great B r i t a i n have p r o -
l i f e r a t e d . The m a j o r i t y o f t h e s e , however, c o n c e n t r a t e 
upon h y d r o l o g i c a l a s p e c t s a t t h e expense o f hydrogeomorpho-
l o g y (Gregory 1979). Catchment s t u d i e s w i t h hydrogeo-
m o r p h o l o g i c a l b i a s , w h i c h i n v o l v e c o n s i d e r a t i o n o f b o t h 
s t r e a m sediment and s o l u t e t r a n s p o r t , i n c l u d e , Imeson (1969, 
71a, 73, 7 4 ) , W a l l i n g (1971, 74a, 7 4 b ) , Oxley (1974) and 
Lewin e t a l (1 9 7 4 ) . Research o f t h i s k i n d g i v e s v a l u a b l e 
i n s i g h t i n t o how w e a t h e r i n g and e r o s i o n i n a humid tem-
p e r a t e e n v i r o n m e n t v a r y t e m p o r a l l y i n response t o c h a n g i n g 
weather c o n d i t i o n s and s p a t i a l l y i n response t o f a c t o r s 
such as v e g e t a t i o n and r o c k t y p e . 
T h i s s t u d y i s concerned w i t h t h e t r a n s p o r t o f m a t e r i a l 
i n p a r t i c u l a t e and s o l u t i o n a l f o r m by t h e N a r r a t o r Brook, a 
s m a l l stream on Dartmoor, S.W. England. The N a r r a t o r 
Brook f e e d s t h e B u r r a t o r R e s e r v o i r w h i c h i s a major source 
o f w a t e r s u p p l y f o r Plymouth and i t s e n v i r o n s . The c a t c h -
ment area o f t h e N a r r a t o r Brook i s 4.68 km'^  and i s u n d e r l a i n 
e n t i r e l y by g r a n i t e . I n terms o f i t s p h y s i c a l c h a r a c t e r -
i s t i c s t h e N a r r a t o r Catchment can be c o n s i d e r e d r e p r e s e n t a -
t i v e o f t h e g r a n i t e area o f Dartmoor as a whole. The i n -
v e s t i g a t i o n i n v o l v e s d e t a i l e d a n a l y s i s o f t e m p o r a l and 
s p a t i a l v a r i a t i o n s i n a l l t h r e e forms o f f l u v i a l t r a n s p o r t , 
suspended sediment l o a d , b e d l o a d and d i s s o l v e d l o a d . A l -
though n e c e s s a r i l y some c o n s i d e r a t i o n i s d e v o t e d t o r u n o f f 
p r o cesses and pathways s i n c e w a t e r i s t h e v e h i c l e f o r s e d i -
ment and s o l u t e t r a n s p o r t i n t h e catchment, t h e s t u d y i s 
h y d r o g e o m o r p h o l o g i c a l r a t h e r t h a n h y d r o l o g i c a l i n emphasis. 
I n t h i s r e s p e c t t h e s t u d y i s i n t e n d e d t o h e l p r e d r e s s t h e 
i n b a l a n c e i n contemporary s m a l l catchment r e s e a r c h . 
D e t a i l e d comprehensive s t u d i e s i n t h e mould o f Imeson 
and W a l l i n g w h i c h i n c l u d e b o t h sediment and s o l u t e s have 
never been u n d e r t a k e n i n B r i t a i n on g r a n i t i c r o c k s . Such 
work has been done on g r a n i t e r o c k s by Douglas (1968a, 68b, 
68c, 73) i n M a l a y s i a and S.E. A u s t r a l i a and t h i s p r o v i d e s 
a u s e f u l comparison w i t h r e s u l t s f r o m t h e p r e s e n t s t u d y . 
G r a n i t e o u t c r o p s c o v e r 6 000 km^ i n B r i t a i n and f r o m 
t h i s s t a n d p o i n t a l o n e i n v e s t i g a t i o n o f h y d r o g e o m o r p h o l o g i c a l 
processes i n a g r a n i t e catchment i s overdue. I n a d d i t i o n , 
f r o m t h e p o i n t o f v i e w o f w e a t h e r i n g , e r o s i o n and f l u v i a l 
t r a n s p o r t , g r a n i t e i s o f s p e c i a l i n t e r e s t f o r two r e a s o n s . 
F i r s t , s i n c e g r a n i t e i s t y p i c a l l y v e r y u n i f o r m , t h e com-
p o s i t i o n o f s o l u t e s i n streams d r a i n i n g g r a n i t e c a t c h m e n t s 
can be compared w i t h g e o c h e m i s t r y o f t h e g r a n i t e i n o r d e r 
t o e s t a b l i s h t h e n a t u r e o f w e a t h e r i n g processes a f f e c t i n g 
s i l i c a t e minerals and a l s o t h e r e l a t i v e m o b i l i t y o f 
weathered p r o d u c t s (Feth e t a l 1964, G a r r e l l s and 
Mackenzie 1967). Second, a c c o r d i n g t o Moeyersons ( 1 9 7 5 ) , 
S t o c k i n g ( 1 9 7 6 ) , Ward (1977) and o t h e r s , s o i l s d e v e l o p e d 
upon g r a n i t e a r e c h a r a c t e r i s t i c a l l y sandy and s u s c e p t i b l e 
t o e r o s i o n , and t h i s i s l i k e l y t o be r e f l e c t e d i n h i g h e r 
r a t e s o f stream sediment t r a n s p o r t . 
I n a d d i t i o n t o i t s g e o m o r p h o l o g i c a l s i g n i f i c a n c e , r e -
s e a r c h r e l a t i n g t o t r a n s p o r t o f sediment and s o l u t e s by 
streams i s a l s o i m p o r t a n t w i t h r e g a r d t o w a t e r r e s o u r c e 
u t i l i s a t i o n . Dartmoor i s becoming i n c r e a s i n g l y i m p o r t a n t 
f o r s u p p l y o f w a t e r as s u r r o u n d i n g m e t r o p o l i t a n a r e a s ex-
pand. F i v e e x i s t i n g r e s e r v o i r s c o l l e c t w a t e r d r a i n i n g 
t h e Dartmoor G r a n i t e and a d d i t i o n a l r e s e r v o i r s a r e p r o -
j e c t e d . S e v e r a l o f t h e f i n d i n g s o f t h i s s t u d y have i m p l i -
c a t i o n s f o r t h e management o f w a t e r r e s o u r c e s on Dartmoor. 
Three p o i n t s r e g a r d i n g t h e n a t u r e o f t h e s t u d y need 
me n t i o n a t t h e o u t s e t . F i r s t , a l t h o u g h a l l t h r e e forms 
o f f l u v i a l t r a n s p o r t a r e i n c l u d e d i n t h e s t u d y g r e a t e s t 
w e i g h t i s p l a c e d upon suspended sediment and l e a s t upon 
b e d l o a d . Second, w h i l e t h e p r a c t i c a l i m p l i c a t i o n s o f t h e 
r e s u l t s a r e d i s c u s s e d , t h e s t u d y i s m a i n l y g e o m o r p h o l o g i c a l 
i n o u t l o o k . F i n a l l y , t h i s i s t h e f i r s t major s t u d y i n 
what i s p l a n n e d as a l o n g t e r m r e s e a r c h p r o j e c t c e n t r e d on 
t h e N a r r a t o r Catchment. I t i s b r o a d and e x p l o r a t o r y i n 
scope. The i n t e n t i o n i s t o seek o u t any a p p a r e n t 
anomalies i n t h e o p e r a t i o n o f t h e catchment system w h i c h 
m i g h t w a r r a n t more d e t a i l e d e x a m i n a t i o n i n f u t u r e r e s e a r c h 
e f f o r t s . 
S i x o b j e c t i v e s f o r t h e p r e s e n t s t u d y can be i s o l a t e d . 
These ar e : 
1 To d e t e r m i n e t h e r e l a t i v e i m p o r t a n c e o f 
sources f o r sediment and s o l u t e s i n t h e 
N a r r a t o r Catchment. 
2 To d e f i n e t e m p o r a l dynamics i n sediment and 
s o l u t e t r a n s p o r t i n terms o f h y d r o l o g i c a l and/ 
o r h y d r o m e t e o r o l o g i c a l c o n t r o l s . 
3 To i n v e s t i g a t e s p a t i a l v a r i a t i o n s i n s e d i -
ment and s o l u t e t r a n s p o r t i n response t o 
v a r i a t i o n s i n v e g e t a t i o n , s o i l t y p e , p h y s i o -
graphy and c h a n n e l c h a r a c t e r i s t i c s w i t h i n 
t h e N a r r a t o r Catchment. 
4 To e s t a b l i s h a t e n t a t i v e r a t e o f d e n u d a t i o n 
f o r t h e Dartmoor G r a n i t e r e g i o n f r o m t h e 
sediment and s o l u t e y i e l d s o f the N a r r a t o r 
c atchment. 
5 To examine t h e p r a c t i c a l i m p l i c a t i o n s o f 
f l u v i a l t r a n s p o r t i n t h e N a r r a t o r Brook w i t h 
r e g a r d t o s u p p l y o f w a t e r f r o m Dartmoor. 
6 To d e t e r m i n e t h e r e l a t i v e c o n t r i b u t i o n o f 
d i s s o l v e d l o a d , suspended l o a d and b e d l o a d 
t o t o t a l f l u v i a l t r a n s p o r t i n t h e N a r r a t o r 
Brook. 
B r i e f backgrounds t o each o f t h e s e t o p i c s appear be-
low under s e p a r a t e h e a d i n g s . The f i r s t t h r e e o f t h e 
o b j e c t i v e s l i s t e d above a r e r e g a r d e d as t h e major ones 
and d i s c u s s i o n o f r e s u l t s r e l a t e d t o t h e s e o c c u p i e s t h e 
main body o f t h e t h e s i s c o v e r i n g C h a p t e r s 4 t o 7 i n c l u s i v e . 
R e s u l t s r e l a t i n g t o t h e l a s t t h r e e o b j e c t i v e s are d i s -
cussed i n t h e c o n c l u d i n g c h a p t e r . 
1.2 Sources o f sediment and s o l u t e s 
Sources o f sediment and s o l u t e s e x p o r t e d f r o m s t r e a m 
catchments can be c l a s s i f i e d i n t o p o i n t and n o n - p o i n t 
sources (Rodda e t a l 1976). P o i n t s o u r c e s a r e g e n e r a l l y 
a s s o c i a t e d w i t h human a c t i v i t y . Supply o f sediment f r o m 
e r o s i o n o f c o n s t r u c t i o n s i t e s and s u p p l y o f s o l u t e s f r o m 
d i s c h a r g e o f e f f l u e n t s i n t o t h e s t r e a m , would f a l l i n t o 
t h i s c a t e g o r y . I n c o n t r a s t t o n o n - p o i n t s o u r c e s , p o i n t 
sources a r e easy t o i d e n t i f y . I t i s a l s o a r e l a t i v e l y 
s i m p l e m a t t e r t o d e t e r m i n e t h e i n d i v i d u a l c o n t r i b u t i o n o f 
p o i n t sources t o t o t a l s t r e a m t r a n s p o r t . For n o n - p o i n t 
s o u r c e s , w h i c h a r e w i d e s p r e a d o v e r t h e catchment, t h i s 
t a s k becomes more d i f f i c u l t . I n t h e N a r r a t o r c a t c h m e n t , 
as i n most catchments s e l e c t e d f o r g e o m o r p h o l o g i c a l i n -
v e s t i g a t i o n s o f f l u v i a l t r a n s p o r t , p o i n t sources a r e 
n e g l i g i b l e . 
The two c a t e g o r i e s o f n o n - p o i n t sources f o r s t r e a m 
s o l u t e s a r e r o c k w e a t h e r i n g and a t m o s p h e r i c f a l l o u t . The 
r e l a t i v e i m p o r t a n c e o f t h e s e two v a r i e s g r e a t l y f r o m c a t c h -
ment t o catchment depending upon t h e f a c t o r s w h ich r e g u l a t e 
t h e s u p p l y o f s o l u t e s f r o m each s o u r c e . Since a major 
source o f a t m o s p h e r i c s a l t s i s sea s p r a y , d i s t a n c e f r o m 
windward c o a s t s i s an i m p o r t a n t c o n t r o l (Gorham 1961, 
Douglas 1972). Stevenson ( 1 9 6 8 ) , i n an a n a l y s i s o f t h e 
a r e a l v a r i a t i o n o f p r e c i p i t a t i o n s o l u t e c o n c e n t r a t i o n s o v e r 
t h e B r i t i s h I s l e s , d i s c o v e r e d a marked r i s i n g t r e n d t o w a r d s 
t h e west and s o u t h west c o a s t s . As a r e s u l t , f o r i n l a n d 
catchments a t m o s p h e r i c s u p p l y i s minor i n r e l a t i o n t o t h e 
c o n t r i b u t i o n f r o m r o c k w e a t h e r i n g w h i l e f o r catchments 
c l o s e r t o windward c o a s t s a t m o s p h e r i c s u p p l y may i n some 
i n s t a n c e s p r e d o m i n a t e ( e . g . Gorham 1957, C r y e r 1976, 
Waylen 1979), Waylen ( 1 9 7 9 ) , f o r example, e s t i m a t e s t h a t 
80% o f t h e s o l u t e s e x p o r t e d f r o m a s m a l l catchment i n t h e 
Mendips o r i g i n a t e f r o m t h e atmosphere. A c c o r d i n g t o 
Rodda e t a l ( 1 9 7 6 ) , t h i s s i t u a t i o n i s most l i k e l y t o a r i s e 
i n catchments u n d e r l a i n by r o c k s w h i c h weather s l o w l y and 
c o n t r i b u t e l i t t l e t o s t r e a m s o l u t e s . I t can be e x p e c t e d , 
t h e r e f o r e , t h a t s i n c e t h e N a r r a t o r catchment o v e r l i e s 
g r a n i t e and i s c l o s e t o t h e windward s o u t h west c o a s t o f 
England a t m o s p h e r i c c o n t r i b u t i o n t o t o t a l s tream s o l u t e s 
w i l l be l a r g e . I n o r d e r t o e x t r a c t any geomorphic s i g n i -
f i c a n c e f r o m r a t e s o f s t r e a m s o l u t e t r a n s p o r t , a s s e s s i n g 
a t m o s p h e r i c s u p p l y a c c u r a t e l y i s c r u c i a l . W a l l i n g and 
Webb (1978) s i m p l y deduct sodium and c h l o r i d e from . 
t o t a l s t r e a m s o l u t e s t o d e t e r m i n e s p a t i a l v a r i a t i o n s i n 
c h e m i c a l d e n u d a t i o n o v e r t h e Exe R i v e r B a s i n . T h i s c a n n o t 
be c o n s i d e r e d adequate because s u l p h a t e , magnesium, c a l c i u m 
and p o t a s s i u m a r e a l s o s u p p l i e d i n l a r g e q u a n t i t i e s by t h e 
atmosphere i n c o a s t a l r e g i o n s (Gorham 1961). 
The sediment t r a n s p o r t e d by streams can be d i v i d e d 
among two major s o u r c e s . On catchment s l o p e s sediment may 
o r i g i n a t e f r o m sheet e r o s i o n and g u l l e y e r o s i o n . Sediment 
o r i g i n a t i n g f r o m w i t h i n t h e c h a n n e l may be d e r i v e d f r o m 
m o b i l i s a t i o n o f bed m a t e r i a l and f r o m bank e r o s i o n . The 
r e l a t i v e i m p o r t a n c e o f each o f t h e sediment s o u r c e s , as i n 
the case o f s o l u t e s o u r c e s , v a r i e s c o n s i d e r a b l y f r o m c a t c h -
ment t o catchment, b u t u n l i k e t h e case w i t h d i s s o l v e d s o l i d s 
no p o s i t i v e u n d e r l y i n g t r e n d can be d i s t i n g u i s h e d and no 
g e n e r a l i s a t i o n s a r e p o s s i b l e . American r e s e a r c h c r e d i t s 
sheet e r o s i o n on catchment s l o p e s as t h e pr e d o m i n a n t source 
o f suspended sediment t r a n s p o r t e d by streams (Glymph 1957, 
P i e s t 1970, Guy 1970). E i n s t e i n ( 1 9 6 4 ) , f o r example, es-
t i m a t e s t h e c o n t r i b u t i o n o f sheet e r o s i o n t o t o t a l sediment 
y i e l d o f t h e U n i t e d S t a t e s a t 80-90%. E f f o r t s a t p r e d i c -
t i o n o f catchment sediment y i e l d s f r o m s o i l l o s s models 
has been a k e y n o t e o f sediment r e s e a r c h i n t h e U n i t e d 
S t a t e s s i n c e t h e 1950's (Glymph 1954, Beer e t a l 1966, 
W i l l i a m s & B e r n d t 1972, 7 7 ) . I n t h e wide sand f l o o r 
r i v e r s t y p i c a l o f t h e Great P l a i n s r e g i o n o f t h e U n i t e d 
S t a t e s , bed m a t e r i a l i s a l s o r e c o g n i s e d as an i m p o r t a n t 
source o f suspended sediment and m o d i f i e d b e d l o a d e q u a t i o n 
have been used f o r p r e d i c t i o n o f sediment y i e l d s ( H u b b e l l 
& M a t e j k a 1959, Colby 1964). W i t h few e x c e p t i o n s ( e . g . C o l d -
w e l l 1957) bank e r o s i o n as a source o f sediment i n t h e U n i t e d 
S t a t e s has r e c e i v e d s c a n t a t t e n t i o n . 
I n B r i t a i n , measurements o f bank e r o s i o n have r e v e a l e d 
t h a t t h i s can become t h e major source o f sediment i n some 
catchments ( P o t t e r 1973 , H i l l 1 973, Lewin & B r i n d l e 1977, 
McGreal & G a r d i n e r 1977). Bank e r o s i o n i s a l s o l i k e l y t o 
be an i m p o r t a n t source o f sediment i n t h e N a r r a t o r c a t c h -
ment, s i n c e t h e r e i s e v i d e n c e o f r a p i d e r o s i o n o f c h a n n e l 
banks a l o n g t h e l o w e r c o u r s e o f t h e N a r r a t o r Brook. I n 
t h e B r i t i s h I s l e s s o i l e r o s i o n i s g e n e r a l l y r e g a r d e d t o be 
o f minor s i g n i f i c a n c e , a l t h o u g h , as Evans (1971) p o i n t s 
o u t , t h i s i s f a r from t h e t r u t h . Even on n o n - a g r i c u l t u r a l 
l a n d i n B r i t a i n , sheet e r o s i o n cannot be e x c l u d e d as a 
source o f sediment. Large r a t e s o f sheet e r o s i o n have 
been o b s e r v e d i n B r i t a i n , p a r t i c u l a r l y i n moorland r e g i o n s 
i n c l u d i n g t h e Pennines ( T a l l i s 1964), Mid-Wales (Slaymaker 
1972) and t h e N o r t h York Moors (Imeson 1971b). Since t h e 
g r e a t e r p a r t o f t h e N a r r a t o r catchment i s m o o r l a n d , sheet 
e r o s i o n may a l s o l i k e l y be an i m p o r t a n t source o f t h e s e d i -
ment t r a n s p o r t e d by t h e N a r r a t o r Brook. 
E s t a b l i s h i n g t h e r e l a t i v e c o n t r i b u t i o n f r o m each o f 
t h e sources f o r sediment and s o l u t e s i s i m p o r t a n t f o r t h r e e 
r e a s o n s . F i r s t , t h e r a t e o f s u p p l y o f m a t e r i a l f r o m each 
o f t h e s e sources i s governed by d i f f e r i n g c o n t r o l s . I n -
f o r m a t i o n c o n c e r n i n g t h e r e l a t i v e i m p o r t a n c e o f s o u r c e s i n 
th e catchment can be a c o n s i d e r a b l e a i d t o e x p l a n a t i o n and 
i n t e r p r e t a t i o n o f t h e p a t t e r n o f s i g n i f i c a n t c o n t r o l s w h i c h 
emerges f r o m a n a l y s i s o f f l u v i a l t r a n s p o r t dynamics. I t 
can be e x p e c t e d , f o r example, t h a t i f catchment s l o p e s were 
the major source o f suspended sediment, p r e c i p i t a t i o n 
c h a r a c t e r i s t i c s would impose more i n f l u e n c e upon r a t e o f 
stream t r a n s p o r t o f suspended sediment t h a n i f t h e s t r e a m 
c h a n n e l were t h e major s o u r c e . Second, d e t e r m i n a t i o n o f 
d e n u d a t i o n r a t e s f r o m r a t e s o f f l u v i a l t r a n s p o r t a l s o r e -
q u i r e s some e s t i m a t e o f s u p p l y f r o m t h e v a r i o u s s o u r c e s o f 
sediment and s o l u t e s ^ ^ ^ A t m o s p h e r i c imput o f s o l u t e s has 
f i r s t t o be de d u c t e d f r o m s t r e a m s o l u t e y i e l d s b e f o r e r a t e s 
o f c h e m i c a l d e n u d a t i o n i n t h e str e a m catchment can be 
assessed (Goudie 1970). ( I n the. case o f sediment, o n l y a 
p r o p o r t i o n i s g e n e r a t e d by e r o s i o n i n t h e catchment and 
d i s c h a r g e d a t t h e catchment o u t f a l l ; t h e remainder i s r e -
d e p o s i t e d i n t h e catchment. T h i s p r o p o r t i o n has f i r s t t o 
be e s t i m a t e d b e f o r e r a t e s o f t r a n s p o r t o f sediment can be 
c o n v e r t e d t o r a t e o f catchment e r o s i o n . I t depends t o 
some e x t e n t upon sourc e s o f sediment w i t h i n t h e catc h m e n t . ^ 
For s i l t o r i g i n a t i n g w i t h i n t h e c h a n n e l t h e p r o p o r t i o n de-
l i v e r e d t o t h e catchment e x i t i s v i r t u a l l y 100%, For s i l t 
s u p p l i e d f r o m sheet e r o s i o n on catchment s l o p e s t h e p r o p o r -
t i o n i s g e n e r a l l y much s m a l l e r (Onstad e t a l 1977). 
Douglas (1972 p. 49) comments: "As sources o f s t r e a m f l o w 
s o l u t e s and f l u v i a l sediments becomes b e t t e r known, geomor-
p h o l o g i c a l p r o c e s s e s w i l l be b e t t e r u n d e r s t o o d and e v a l u a -
t i o n o f l a n d f o r m e v o l u t i o n w i l l be b e t t e r founded". 
F i n a l l y , f r o m a p r a c t i c a l s t a n d p o i n t , knowledge o f t h e r e l a -
t i v e s u p p l y f r o m s p e c i f i c s o u r c e s i s r e q u i r e d b e f o r e 
e f f e c t i v e measures can be implemented t o l i m i t sediment o r 
s o l u t e y i e l d s . Lewin e t a l (1974) r e p o r t t h a t t h e b u l k o f 
sediment d i s c h a r g e d f r o m a Mid-Wales catchment o r i g i n a t e s 
f rom e r o s i o n o f stream bank b l u f f s . I n t h i s s i t u a t i o n 
e f f o r t s t o p r o t e c t catchment s l o p e s by v a r i o u s c o n s e r v a t i o n 
p r a c t i c e s would a c h i e v e r e l a t i v e l y l i t t l e success i n r e -
d u c i n g s t r e a m sediment y i e l d s . 
1.3 Temporal v a r i a t i o n s i n s t r e a m sediment 
and s o l u t e t r a n s p o r t 
Rate o f f l u v i a l t r a n s p o r t i n a l l n a t u r a l streams 
v a r i e s o v e r t h e s h o r t t e r m i n response t o c h a n g i n g weather 
c o n d i t i o n s and v a r i a t i o n s i n streamflow."- V a r i a t i o n s i n 
t h e t r a n s p o r t o f sediment and s o l u t e s a r e most pronounced 
d u r i n g f l o o d p e r i o d s . Two groups o f f a c t o r s can be 
i d e n t i f i e d w h i c h c o n t r o l t h e s e v a r i a t i o n s . These two 
groups i n c l u d e s t r e a m f l o w c h a r a c t e r i s t i c s on t h e one hand 
and p r e c i p i t a t i o n c h a r a c t e r i s t i c s , catchment wetness and 
season on t h e o t h e r . The r e l a t i v e i m p o r t a n c e o f t h e s e 
two groups depends upon t h e t y p e o f f l u v i a l t r a n s p o r t and 
t h e s o u r c e o f m a t e r i a l t r a n s p o r t e d , 
Bedload r e f e r s t o sediment p a r t i c l e s w h i c h m a i n t a i n 
c l o s e c o n t a c t w i t h t h e s t r e a m bed d u r i n g t r a n s p o r t . The 
immediate source f o r t h e s e p a r t i c l e s i s bed m a t e r i a l a l -
though t h e y may have o r i g i n a t e d i n i t i a l l y f r o m bank e r o s i o n . 
Bedload i s governed by s t r e a m f l o w w h ich d e t e r m i n e s 
t h e e f f i c i e n c y o f t h e s t r e a m t o e n t r a i n p a r t i c l e s on 
t h e s t r e a m bed and s u s t a i n t h e i r t r a n s p o r t . Stream power, 
a parameter commonly used as t h e b a s i s f o r m o d e l l i n g b e d l o a d 
dynamics (e.g. Bagnold 1966, 73, L e o p o l d & Emmett, 1976, 
Gomez 1979) i s t h e p r o d u c t o f d e p t h , v e l o c i t y , w a t e r s u r f a c e 
s l o p e and w a t e r d e n s i t y o f t h e s t r e a m . I n c o n t r a s t t o bed-
l o a d , d i s s o l v e d m a t e r i a l t r a n s p o r t e d by streams i s d e r i v e d 
f r o m beyond t h e c o n f i n e s o f t h e c h a n n e l system. F a c t o r s 
o t h e r t h a n s t r e a m f l o w c h a r a c t e r i s t i c s assume i m p o r t a n c e i n 
d e t e r m i n i n g r a t e o f s o l u t e t r a n s p o r t . The r e s u l t s o f 
s e v e r a l s t u d i e s have d e m o n s t r a t e d t h e i m p o r t a n c e o f p r e -
c i p i t a t i o n c h a r a c t e r i s t i c s , c a t chment wetness and season 
w i t h r e s p e c t t o s t r e a m s o l u t e t r a n s p o r t (Imeson 1973, C r y e r 
1976, F o s t e r 1978a). The degree o f i n f l u e n c e e x e r t e d by 
t h e two groups o f f a c t o r s upon suspended sediment t r a n s p o r t 
i s r e l a t e d t o t h e p a r t i c l e s i z e o f suspended sediment. De-
p e n d i n g upon t h e catchment, a p r o p o r t i o n o f suspended s e d i -
ment, i n c o r p o r a t i n g t h e c o a r s e end o f t h e p a r t i c l e s i z e 
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range, i s d e r i v e d f r o m bed m a t e r i a l . The t r a n s p o r t o f bed 
m a t e r i a l i n sus p e n s i o n i s governed e x c l u s i v e l y by s t r e a m -
f l o w c h a r a c t e r i s t i c s . The r e m a i n i n g f i n e r sediment i n 
su s p e n s i o n o r i g i n a t e s , a t l e a s t i n p a r t , f r o m sheet wash 
on catchment s l o p e s . Rate o f t r a n s p o r t o f t h i s sediment 
i s i n f l u e n c e d t o some e x t e n t by p r e c i p i t a t i o n c h a r a c t e r i s -
t i c s , catchment wetness and season. 
P r e c i p i t a t i o n c h a r a c t e r i s t i c s , catchment wetness and 
season a r e i n t e r r e l a t e d b u t each has some i n d i v i d u a l s i g n i -
f i c a n c e w i t h r e s p e c t t o suspended sediment and s o l u t e t r a n s -
p o r t . The e f f e c t o f p r e c i p i t a t i o n c h a r a c t e r i s t i c s i s most 
c l e a r l y d e f i n e d . P r e c i p i t a t i o n provides t h e energy f o r 
e r o s i o n o f s o i l p a r t i c l e s and a l s o t h e t r a n s p o r t i n g medium 
i n t h e f o r m o f o v e r l a n d f l o w , Gregory and W a l l i n g (1973 
p. 210) remark " t h e o u t p u t o f sediment ( f r o m a c a t c h -
ment) i s p r i m a r i l y governed by t h e c h a r a c t e r o f t h e p r e c i p i -
t a t i o n i n p u t " . W i t h r e s p e c t t o stream s o l u t e s , f o r 
catchments i n w h i c h t h e atmosphere i s a major source o f 
t h e s e s o l u t e s , v a r i a t i o n s i n s t r e a m s o l u t e t r a n s p o r t 
may be governed t o some e x t e n t by v a r i a t i o n s i n t h e i n p u t o f 
d i s s o l v e d s o l i d s i n p r e c i p i t a t i o n , C r y e r ( 1 9 7 6 ) , f o r 
example, f o u n d a v e r y c l o s e correspondence between t h e 
s o l u t e c o n c e n t r a t i o n s o f q u i c k f l o w and p r e c i p i t a t i o n i n a 
Mid-Wales catchment. Since t h e N a r r a t o r catchment i s c l o s e 
t o t h e c o a s t i t m i g h t be e x p e c t e d t h a t a s i m i l a r s i t u a t i o n 
w ould e x i s t . For t h i s reason t h e s o l u t e c o n c e n t r a t i o n o f 
p r e c i p i t a t i o n was m o n i t o r e d i n t h e N a r r a t o r catchment as 
w e l l as p r e c i p i t a t i o n amounts and i n t e n s i t i e s . 
The a f f e c t o f t h e o t h e r two f a c t o r s , catchment wetness 
and season upon r a t e s o f suspended sediment and s o l u t e 
t r a n s p o r t i s m o r e . s u b t l e . Both t h e s e f a c t o r s r e l a t e t o 
t h e c o n d i t i o n o f t h e catchment s u r f a c e i n terms o f s o i l 
m o i s t u r e and a l s o i n terms o f v e g e t a t i o n c o v e r , r a t e s o f 
e v a p o t r a n s p i r a t i o n , and o t h e r a s p e c t s o f catchment con-
d i t i o n t h a t may v a r y t o any e x t e n t w i t h season. The manner 
i n w h i c h t h e s e i n f l u e n c e sediment and s o l u t e t r a n s p o r t i s 
no t a l t o g e t h e r u n d e r s t o o d and because o f t h i s gap i n under-
s t a n d i n g t h e r e s u l t s o f s t u d i e s w h i c h a t t e m p t t o i s o l a t e 
f a c t o r s c o n t r o l l i n g sediment and s o l u t e dynamics a r e 
d i f f i c u l t t o i n t e r p r e t . Morgan ( 1 9 7 9 ) , f o r example, p o i n t s 
t o t h e u n c e r t a i n t y t h a t e x i s t s r e g a r d i n g t h e s i g n i f i c a n c e 
o f catchment wetness i n d e l a t i o n t o s o i l l o s s and s t r e a m 
sediment p r o d u c t i o n . R e s u l t s o f r e s e a r c h by F o u r n i e r (1972) 
on e x p e r i m e n t a l e r o s i o n p l o t s i n Ohio l e d him t o c o n c l u d e 
t h a t wet s o i l i s more s u s c e p t i b l e t o e r o s i o n , w h i l e Heede 
(1975) c o n c l u d e d f r o m h i s i n v e s t i g a t i o n s i n s m a l l c a t c h m e n t s 
i n t h e w e s t e r n U n i t e d S t a t e s t h a t s o i l e r o s i o n proceeds a t 
a f a s t e r r a t e when t h e s o i l i s d r y . R i c h t e r & N e g e n d a i l e 
( 1 9 7 7 ) , on t h e o t h e r hand, were unabl e t o d e t e c t any e f f e c t 
o f wetness upon r a t e s o f s o i l l o s s i n t h e M o s e l l e r e g i o n o f 
West Germany. S i m i l a r u n c e r t a i n t y s u r r o u n d s t h e s i g n i f i -
cance o f season. I n a s m a l l Mid-Wales catchment where a t -
mospheric f a l l o u t i s t h e major source o f s t r e a m s o l u t e s , 
C r y e r (1976) o b s e r v e d s t r o n g s e a s o n a l v a r i a t i o n s i n s t r e a m 
s o l u t e c o n c e n t r a t i o n s w h i c h he a t t r i b u t e d t o s e a s o n a l v a r i a -
t i o n i n a t m o s p h e r i c f a l l o u t . F o s t e r (1978a) w o r k i n g i n a 
s m a l l Devon catchment i n w h i c h a t m o s p h e r i c f a l l o u t was a l s o 
e s t a b l i s h e d as t h e p r e d o m i n a n t s o u r c e , a l s o f o u n d a s t r o n g 
s e a s o n a l v a r i a t i o n i n s t r e a m s o l u t e c o n c e n t r a t i o n b u t c o u l d 
f i n d no c o r r e s p o n d i n g s e a s o n a l v a r i a t i o n i n a t m o s p h e r i c f a l l -
o u t . No s i g n i f i c a n t s e a s o n a l v a r i a t i o n i n stream s o l u t e 
c o n c e n t r a t i o n was e n c o u n t e r e d by Imeson & Ward (1971) i n an 
East Y o r k s h i r e catchment. 
A l t h o u g h t h e y may have s e p a r a t e e f f e c t s upon s t r e a m 
sediment and s o l u t e dynamics, p r o b a b l y t h e most i n f l u e n t i a l 
p a r t p l a y e d by catchment wetness and season, i s t h a t i n 
c o m b i n a t i o n w i t h p r e c i p i t a t i o n c h a r a c t e r i s t i c s t h e y d e t e r -
mine t h e pathways by w h i c h p r e c i p i t a t i o n f a l l i n g upon c a t c h -
ment s l o p e s f i n d s i t s way t o t h e s t r e a m . O v e r l a n d f l o w i s 
th e c r i t i c a l pathway f o r suspended sediment p r o d u c t i o n . 
Copeland (1965), f o r example, has amply d e m o n s t r a t e d t h e 
v e r y c l o s e correspondence between r a t e o f o v e r l a n d f l o v ; a n d 
r a t e o f b o t h s o i l l o s s and s t r e a m sediment t r a n s p o r t . I n 
an e f f o r t t o assess t h e r e l a t i v e i mpact o f p r e c i p i t a t i o n 
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c h a r a c t e r i s t i c s , catchment wetness and season upon r a t e s 
o f o v e r l a n d f l o w i n t h e N a r r a t o r c a t c hment, c r e s t s t a g e 
s o i l w e l l o b s e r v a t i o n s were made a t 20 s i t e s . These s o i l 
w e l l s were d e s i g n e d t o r e c o r d t h e f r e q u e n c y o f o v e r l a n d 
f l o w . Armed w i t h u n d e r s t a n d i n g o f t h e c o n t r o l s o f o v e r -
l a n d f l o w , more m e a n i n g f u l i n t e r p r e t a t i o n o f t h e p a t t e r n o f 
c o n t r o l s g o v e r n i n g sediment and s o l u t e dynamics i n t h e 
N a r r a t o r Brook can be a c h i e v e d . 
T h i s t a s k , t o i n t e r p r e t t h e c o n t r o l s o f sediment and 
s o l u t e dynamics i n t h e N a r r a t o r catchment i n terms o f 
sources and pathways, i s c o m p l i c a t e d by i n t e r r e l a t i o n s h i p s 
between c o n t r o l s , f o r example between p r e c i p i t a t i o n and 
s t r e a m f l o w c h a r a c t e r i s t i c s . A s t r o n g c o r r e l a t i o n between 
r a t e o f sediment o r s o l u t e t r a n s p o r t and any one o f t h e 
c o n t r o l l i n g f a c t o r s i n e v i t a b l y means t h a t s t r o n g c o r r e l a -
t i o n s must a l s o e x i s t w i t h t h e o t h e r f a c t o r s , even t h o u g h 
o r d i n a r i l y t h e s e o t h e r f a c t o r s may have l i t t l e o r no d i r e c t 
e f f e c t . To g e t rou n d t h i s o b s t a c l e some m u l t i v a r i a t e 
t e c h n i q u e w h i c h f i l t e r s o u t o n l y t h e independent e f f e c t o f 
each f a c t o r t e s t e d must be used. I n t h i s s t u d y m u l t i p l e 
r e g r e s s i o n i s adopted f o r t h i s p urpose. T h i s t e c h n i q u e 
has p r e v i o u s l y been used s u c c e s s f u l l y f o r t h e same purpose 
by s e v e r a l w o r k e r s i n c l u d i n g Guy (1964) and W a l l i n g (1971a) 
f o r suspended sediment and F o s t e r (1978b) f o r d i s s o l v e d 
s o l i d s . I t i s i m p o r t a n t t o i n c l u d e i n t h e m u l t i v a r i a t e 
a n a l y s i s v a r i a b l e s r e p r e s e n t i n g a l l f o u r f a c t o r s known 
t o i n f l u e n c e f l u v i a l t r a n s p o r t r a t e s , p r e c i p i t a t i o n , s t r e a m -
f l o w , catchment wetness and season. F a i l u r e t o do t h i s may 
l e a d t o m i s i n t e r p r e t a t i o n o f t h e r e s u l t s . Wood ( 1 9 7 7 ) , f o r 
example, found t h a t sediment c o n c e n t r a t i o n s i n t h e r i v e r 
Rother a r e s i g n i f i c a n t l y h i g h e r d u r i n g summer and a t t r i b u t e d 
t h i s t o a d r i e r catchment a t t h i s t i m e o f year i n c r e a s i n g 
t h e a v a i l a b i l i t y o f sediment on catchment s l o p e s . He 
a r r i v e d a t t h i s c o n c l u s i o n w i t h o u t i n c l u d i n g catchment wet-
ness and p r e c i p i t a t i o n c h a r a c t e r i s t i c s i n h i s m u l t i v a r i a t e 
a n a l y s i s . Higher summer c o n c e n t r a t i o n s c o u l d e q u a l l y w e l l 
be a r e s u l t o f h i g h e r p r e c i p i t a t i o n i n t e n s i t i e s d u r i n g 
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summer months. T h i s can o n l y be r e s o l v e d by t e s t i n g t h e 
independent a f f e c t s o f b o t h catchment wetness and p r e c i p i -
t a t i o n i n t e n s i t y . 
M u l t i p l e r e g r e s s i o n i n t h i s s t u d y i s a l s o i n t e n d e d as 
a p r e d i c t i v e t o o l . By d e f i n i n g f l u v i a l t r a n s p o r t r a t e s i n 
terms o f p r e c i p i t a t i o n , s t r e a m f l o w and o t h e r c o n t r o l l i n g 
f a c t o r s , s h o r t t e r m p e r i o d s o f f l u v i a l t r a n s p o r t r e c o r d can 
be extended by r e f e r e n c e t o l o n g t e r m p r e c i p i t a t i o n and 
r u n o f f r e c o r d s where t h e s e e x i s t . As a r e s u l t o f t h e v a r i a -
b i l i t y i n f l u v i a l t r a n s p o r t r a t e s , s e v e r a l y e a r s o f r e c o r d 
a r e n o r m a l l y r e q u i r e d t o o b t a i n v a l u e s w h i c h can be con-
s i d e r e d r e p r e s e n t a t i v e o f t h e l o n g t e r m , p a r t i c u l a r l y f o r 
suspended sediment. A.S.C.E. (1973) recommends a p e r i o d o f 
sediment r e c o r d o f a t l e a s t t h i r t y y e a r s f o r r e l i a b l e e s t i -
mates o f mean a n n u a l y i e l d . For some streams f l u v i a l t r a n s -
p o r t r a t e s have been c a l i b r a t e d a g a i n s t s t r e a m f l o w a l o n e 
w i t h a c e r t a i n amount o f success. These so c a l l e d sediment 
and s o l u t e r a t i n g c u r v e s a r e t h e n combined w i t h f l o w d u r a -
t i o n c u r v e s t o d e r i v e l o n g t e r m y i e l d s ( M i l l e r 1951, P i e s t 
1964, Loughran 1976), Poor r a t i n g c u r v e s can be improved 
t o some e x t e n t by c o r r e c t i n g f o r season and o t h e r f a c t o r s 
( H a l l 1967, Temple & Sundborg 1972, Oxley 1974). Douglas 
(1969) a l s o t e s t e d s e v e r a l p o l y n o m i a l e x p r e s s i o n s i n 
a d d i t i o n t o t h e u s u a l power f u n c t i o n s b u t was f o r c e d t o t h e 
c o n c l u s i o n t h a t m u l t i p l e r e g r e s s i o n o f f e r s t h e b e s t s o l u t i o n 
f o r p r a c t i c a l p r e d i c t i o n . 
1.4 S p a t i a l v a r i a t i o n s and c o n t r o l s 
The t h i r d m a j o r o b j e c t i v e o f t h e s t u d y i s t o i n v e s t i -
g a t e t h e i n f l u e n c e o f catchment c h a r a c t e r i s t i c s upon r a t e s 
o f sediment and s o l u t e t r a n s p o r t . T h i s i s approached by 
s e p a r a t i n g t h e N a r r a t o r catchment i n t o a s e r i e s o f t h r e e 
n e s t e d sub-catchments each w i t h d i f f e r i n g catchment c h a r a c -
t e r i s t i c s . D i f f e r e n c e s i n u n i t area sediment and s o l u t e 
y i e l d s f r o m t h e t h r e e sub-catchments can t h u s be i n t e r p r e t e d 
i n terms o f d i f f e r i n q catchment c h a r a c t e r i s t i c s . T h i s t a s k i s 
g r e a t l y f a c i l i t a t e d by t h e u n i f o r m i t y o f r o c k t y p e and g r o s s 
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c l i m a t e over the N a r r a t o r catchment. These two f a c t o r s 
are thus held constant p e r m i t t i n g e v a l u a t i o n of the other 
f a c t o r s which vary s p a t i a l l y over the catchment, and 
which include v e g e t a t i o n , s o i l t ype, physiography, and 
channel c h a r a c t e r i s t i c s . 
Previous research has revealed t h a t both v e g e t a t i o n 
and s o i l c h a r a c t e r i s t i c s have a profound i n f l u e n c e upon 
sediment and s o l u t e y i e l d s . Vegetation i n h i b i t s s o i l 
e r osion by p r o t e c t i n g the s o i l surface from the e r o s i v e 
e f f e c t s of r a i n drop impact, by i m p a r t i n g coherence t o the 
s o i l mass w i t h i t s r o o t s , and by i n c r e a s i n g the aggregate 
s t a b i l i t y of the s o i l through a d d i t i o n of organic matter 
(Stocking & E l w e l l 1976). I t also improves the surface 
i n f i l t r a t i o n c a p a c i t y of the s o i l thereby reducing the 
surface r u n o f f which i s r e s p o n s i b l e f o r removing eroded 
s o i l p a r t i c l e s (Morgan 1979). The most convincing 
demonstration of t h i s p r o t e c t i v e r o l e o f v e g e t a t i o n i s the 
dramatic a c c e l e r a t i o n i n sediment t r a n s p o r t r a t e s t h a t 
have been observed f o l l o w i n g damage or d e s t r u c t i o n o f 
v e g e t a t i o n cover by burning ( S i n c l a i r 1954, Imeson 1971b, 
Brown 1972) timber harvest ( L u l l & Rheinhart 1963, Horn-
beck & Rheinhart 1964, Fredriksen 1970) and c o n s t r u c t i o n 
a c t i v i t i e s (Wolman & Schick 1967, Vice e t a l 1968, W a l l i n g 
& Gregory 1970, W a l l i n g 1974a). Conversely, adoption of 
s o i l conservation measures, p r i n c i p a l l y i n v o l v i n g improve-
ment of v e g e t a l cover, has been shown t o reduce sediment 
y i e l d s from experimental catchments (B a i l e y & Craddock 
1948, B a i r d 1964, Noble 1965, Hadley 1974). The degree of 
p r o t e c t i o n a f f o r d e d by v e g e t a t i o n i s dependent upon i t s 
type and d e n s i t y . A g r i c u l t u r a l catchments g e n e r a l l y sus-
t a i n highest sediment y i e l d s , f o l l o w e d by grassland c a t c h -
ments, w h i l e f o r e s t e d catchments are associated w i t h very 
low y i e l d s (Ursic & Dendy 1965, Douglas 1969). 
There i s a continuous c y c l i n g of s o l u t e s between the 
v e g e t a t i o n cover and the s o i l beneath, both of which can be 
regarded as mutually compensating r e s e r v o i r s of s o l u b l e 
m a t e r i a l . While the biomass i n a stream catchment remains 
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r e l a t i v e l y s t a b l e there i s no net long term loss or gain 
of s o l u b l e m a t e r i a l from v e g e t a t i o n storage, although s h o r t 
term inbalances may occur e s p e c i a l l y on a seasonal b a s i s . 
I n t h i s s i t u a t i o n the type of v e g e t a t i o n i n a catchment 
e x e r t s l i t t l e i n f l u e n c e upon s o l u t e y i e l d s . Any r e d u c t i o n 
o f v e g e t a t i o n cover, however, r e s u l t s i n a release o f 
di s s o l v e d s o l i d s from the s o i l corresponding t o the reduc-
t i o n of v e g e t a t i o n s o l u t e storage. Up t o 1 5 - f o l d i n -
creases i n s o l u t e y i e l d s have been r e p o r t e d f o l l o w i n g r e -
moval of f o r e s t v e g e t a t i o n i n small catchments (Bormann 
et a l 1968, Pierce e t a l 1970, Fredriksen 1971). Vegetation 
type can e x e r t some i n f l u e n c e upon stream s o l u t e y i e l d s by 
d i f f e r e n t i a l a d s o r p t i o n of atmospheric s o l u t e s d u r i n g dry 
per i o d s . Results o f some s t u d i e s suggest t h a t c o n i f e r o u s 
f o r e s t v e g e t a t i o n i s p a r t i c u l a r l y e f f e c t i v e i n f i l t e r i n g 
s a l t p a r t i c l e s from the atmosphere (Erikssen 1955, Juang & 
Johnson 1967, White e t a l 1971). Coniferous f o r e s t p l a n t a -
t i o n covers 11% o f the N a r r a t o r catchment and from the 
above di s c u s s i o n marked c o n t r a s t s can be expected i n both 
sediment and s o l u t e p r o d u c t i o n between f o r e s t e d and non-
f o r e s t e d p a r t s of the catchment. Vegetation, above a l l 
other environmental f a c t o r s governing r a t e s o f f l u v i a l 
t r a n s p o r t , can be most r e a d i l y manipulated by man. Re-
l a t i n g sediment and s o l u t e y i e l d s t o v e g e t a t i o n types thus 
has an important p r a c t i c a l s i g n i f i c a n c e f o r land management 
aimed a t conserving s o i l and p r e s e r v i n g water q u a l i t y . 
The s u s c e p t i b i l i t y of s o i l t o ero s i o n i s a very e l u s i v e 
p r o p e r t y . I t i s dependent upon a combination of several 
s o i l c h a r a c t e r i s t i c s i n a complex manner. Several es-
t a b l i s h e d i n d i c e s of s o i l e r o d i b i l i t y have been t e s t e d i n 
l a b o r a t o r y experiments by Bryan (1976; 1977) and i t appears 
from these analyses t h a t none can be considered e n t i r e l y 
s a t i s f a c t o r y . However, data from erosion p l o t s r e v e a l 
t h a t t e x t u r e , organic content and p e r m e a b i l i t y are the most 
s i g n i f i c a n t s o i l c h a r a c t e r i s t i c s w i t h respect t o e r o d i b i l i t y 
(Wischmeier 1977), These three f a c t o r s have been combined 
by Wischmeier e t a l (1971) i n t o a nomograph f o r e s t i m a t i n g 
the e r o d i b i l i t y f a c t o r i n the Uni v e r s a l S o i l Loss Equation. 
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I n terms of a l l of these three s o i l c h a r a c t e r i s t i c s , t h e r e 
are sharp c o n t r a s t s between peaty and non-peaty s o i l s i n 
the Na r r a t o r catchment. 
With respect t o physiography, a considerable volume of 
research on ero s i o n p l o t s and i n the l a b o r a t o r y has es-
t a b l i s h e d c o n c l u s i v e l y t h a t r a t e s of s o i l e rosion increase 
w i t h both slope angle and slope l e n g t h (Zingj 1940, Smith 
& Wischmeier 1957, Meyer and Monke 1965), Channel 
c h a r a c t e r i s t i c s can also be expected t o i n f l u e n c e sediment 
y i e l d s p a r t i c u l a r l y f o r catchments where the channel forms 
an important source of sediment. Both physiography and 
channel c h a r a c t e r i s t i c s vary a p p r e c i a b l y over the N a r r a t o r 
catchment and undoubtedly c o n t r i b u t e , t o some e x t e n t , t o 
v a r i a t i o n s i n sediment y i e l d between sub-catchments. 
With only three catchments i n t e r p r e t a t i o n of d i f f e r -
ences i n y i e l d s would be v i r t u a l l y impossible w i t h o u t 
e l i m i n a t i o n of rock type and macro-climate as v a r i a b l e s . 
Imeson (1969), however, compared y i e l d s from three w i d e l y 
separated catchments i n East Yorkshire which d i f f e r i n 
gross c l i m a t e and rock type as w e l l as v e g e t a t i o n , s o i l 
type, physiography and channel c h a r a c t e r i s t i c s . I n t h i s 
s i t u a t i o n , conclusions reached re g a r d i n g the i n d i v i d u a l i n -
fluence of any one of these f a c t o r s cannot be considered 
e n t i r e l y r e l i a b l e . 
I n a d d i t i o n t o comparing sediment and s o l u t e y i e l d s 
from three sub-catchments, downstream v a r i a t i o n s i n s e d i -
ment and s o l u t e c o n c e n t r a t i o n s were also i n v e s t i g a t e d , 
Samples were c o l l e c t e d p e r i o d i c a l l y a t 30 s i t e s along the 
3.4km of the Narra t o r Brook. Sampling was r e s t r i c t e d t o 
baseflow periods since d u r i n g f l o o d s temporal v a r i a t i o n s 
i n sediment and s o l u t e c o n c e n t r a t i o n s a t a s i t e render any 
s p a t i a l a n a l y s i s impossible. D e t a i l e d i n v e s t i g a t i o n s of 
downstream v a r i a t i o n s i n sediment and s o l u t e c o n c e n t r a t i o n s 
such as performed i n t h i s study have been neglected i n 
hydrogeomorphological research. Downstream v a r i a t i o n s i n 
channel geometry, channel g r a d i e n t and bed m a t e r i a l have 
received much more a t t e n t i o n i n B r i t a i n (e.g.Gregory & Park 
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1974, Knighton 1975, Richards 1977). A n a l y s i s of down-
stream v a r i a t i o n s i n sediment c o n c e n t r a t i o n can r e v e a l 
something of the manner i n which sediment i s transported i n 
the stream channel and how t h i s i s i n f l u e n c e d by channel 
c h a r a c t e r i s t i c s . A nalysis of downstream v a r i a t i o n s i n 
s o l u t e c o n c e n t r a t i o n can r e v e a l much concerning the im-
pact of v e g e t a t i o n upon the catchment s o l u t e system. 
1.5 Rate of denudation 
The f o u r t h o b j e c t i v e of the study i s t o determine a 
r e p r e s e n t a t i v e r a t e of denudation f o r Dartmoor G r a n i t e 
from the sediment and s o l u t e y i e l d s of the N a r r a t o r c a t c h -
ment. E s t a b l i s h i n g r a t e s of denudation i s of c r u c i a l 
s i g n i f i c a n c e i n geomorphology. D i r e c t l y , denudation i s 
very d i f f i c u l t t o measure, but can be c o n v e n i e n t l y e s t i -
mated i n d i r e c t l y from catchment sediment and s o l u t e 
y i e l d s (equation 1.1) 
D = _l (1.1) 
A G 
s 
D r a t e of denudation (mechanical, chemical, or 
b o t h ) , m^/km^/yr or mm/1 000 yr 
Y annual y i e l d , i n tonnes, of sediment or d i s s o l v e d 
s o l i d s , or both 
A stream catchment area, km^ 
Gg s p e c i f i c g r a v i t y of catchment rocks, g e n e r a l l y 
taken t o be 2.65 
A d i s t i n c t i o n i s commonly made between mechanical denuda-
t i o n and chemical denudation computed from sediment y i e l d s 
and s o l u t e y i e l d s r e s p e c t i v e l y (e.g. Douglas 1973, W a l l i n g 
& Webb 1978, Waylen 1979). This d i s t i n c t i o n may be some-
what a r t i f i c i a l and i t i s probably more meaningful t o 
combine sediment and s o l u t e y i e l d s t o o b t a i n t o t a l denu-
d a t i o n . Denudation r a t e s determined from contemporary^^ 
16 
catchment sediment and s o l u t e y i e l d s have been e x t r a p o l a t e d 
back through time t o assess r a t e s of landscape e v o l u t i o n 
(e.g. G i l l u l y e t a l 1951, Schumm 1963a, Judson & R i t t e r 
1964, McArthur 1977). S p a t i a l v a r i a t i o n s i n denudation 
r a t e s have also been i n v e s t i g a t e d t o evaluate the a f f e c t 
of c l i m a t e and rock type (e.g.Fournier 1960, Corbel 1964, 
Strakhov 1967, Wal l i n g & Webb 1978). 
Work of t h i s k i n d i s p o t e n t i a l l y very v a l u a b l e , p r o -
v i d i n g care i s taken t o avoid catchments i n which r a t e s 
of sediment and s o l u t e t r a n s p o r t have been ac c e l e r a t e d as 
a r e s u l t of dis t u r b a n c e . For example, contemporary r a t e 
of denudation f o r the Tugela River Basin i n N.W. N a t a l , 
c a l c u l a t e d from sediment and s o l u t e y i e l d s , exceeds the 
g e o l o g i c a l l y normal r a t e of denudation, estimated from 
geomorphological evidence, by a f a c t o r of 30 (Murgatroyd 
1979). I n d i s t u r b e d catchments, temporal e x t r a p o l a t i o n 
of contemporary denudation r a t e s can be very misleading 
and s p a t i a l v a r i a t i o n s i n denudation r a t e s cannot be 
i n t e r p r e t e d i n terms of n a t u r a l c o n t r o l s such as c l i m a t e 
and rock type. Judson & R i t t e r (1964) estimated average 
r a t e of denudation f o r the United States based upon the 
sediment and s o l u t e y i e l d s of se l e c t e d major r i v e r s , and 
e x t r a p o l a t e d t h i s back through time t o determine the p e r i o d 
r e q u i r e d t o reduce the United States t o u l t i m a t e base 
l e v e l . Their estimate of 11 t o 12 m i l l i o n years, however, 
d i f f e r s a p p r e c i a b l y from t h a t of G i l l u l y e t a l (1951) a t 
23 m i l l i o n years, based on the sediment and s o l u t e y i e l d s 
of other r i v e r s . Schumm (1963a), more m i n d f u l of the 
problem of contemporary a c c e l e r a t i o n of stream sediment 
and s o l u t e t r a n s p o r t , was more cautious and judged the 
pe r i o d t o be anywhere from 15 t o 110 m i l l i o n years. 
McArthur (1977) e x t r a p o l a t e d back through time an assumed 
r a t e of denudation f o r the Pennines of Imm/yr. I n so 
doing he attempted t o demonstrate t h a t e r o s i o n surfaces 
i n the Pennines were very much younger than p r e v i o u s l y 
imagined and landscape e v o l u t i o n much more r a p i d . However, 
Imm/yr i s probably a considerable overestimate of the 
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n a t u r a l r a t e of denudation f o r the Pennines, Rates of 
denudation f o r small catchments i n Mid-Wales (Oxley 19 74} 
and i n the Mendips (Waylen 1979), f o r example, are only 
0.0022 and 0.0026 mm/yr r e s p e c t i v e l y . This l a s t example 
i l l u s t r a t e s very c l e a r l y the need f o r r e l i a b l e denudation 
r a t e s . Rate of denudation f o r Dartmoor i s of p a r t i c u l a r 
s i g n i f i c a n c e since Dartmoor has emerged as a key r e g i o n 
f o r d e c i p h e r i n g the physiographic h i s t o r y of Southern 
England as a whole. Preserved i n the Dartmoor physio-
graphy are d e t a i l s of geomorphic events i n the past which 
have enabled geomorphologists t o piece together a sequence 
of landscape changes (Orme 1964, Waters 1964, Brunsden 
1964a). A r a t e of denudation f o r the N a r r a t o r catchment 
could provide an i n s i g h t i n t o the speed a t which these 
landscape changes have occurred. A p o s s i b l e o b s t a c l e i n 
t h i s regard a r i s e s from v e g e t a t i o n a l changes i n the ca t c h -
ment which may have a f f e c t e d r a t e s o f sediment and s o l u t e 
t r a n s p o r t . This a f f e c t has t o be evaluated before r a t e 
of denudation f o r Dartmoor, determined from the sediment 
and s o l u t e y i e l d of the N a r r a t o r Catchment, can be meaning-
f u l l y employed t o assess r a t e o f landscape change on 
Dartmoor. E v a l u a t i n g the a f f e c t of v e g e t a t i o n upon s e d i -
ment and so l u t e t r a n s p o r t by comparison of y i e l d s from 
three sub-catchments of the N a r r a t o r Brook, c o n s t i t u t e s 
one of the other major o b j e c t i v e s of t h i s study as o u t -
l i n e d i n s e c t i o n 1.4 
Attempts have been made by Fournier(1960),Corbel(1964) 
and Strakhov (1967) t o r e l a t e s p a t i a l v a r i a t i o n s i n con-
temporary r a t e s of denudation t o c l i m a t e on a World s c a l e . 
These stu d i e s have produced markedly c o n f l i c t i n g r e s u l t s . 
Stoddart (1969) a t t r i b u t e s the i n c o n s i s t e n c i e s i n these 
s t u d i e s t o the use of sediment and so l u t e y i e l d s from 
large drainage basins many of which are c h a r a c t e r i s e d by 
accel e r a t e d e r o s i o n . Smaller scale s t u d i e s have c l e a r l y 
revealed the i n f l u e n c e of rock type upon r a t e s of denuda-
t i o n ( M i l l e r 1961, Bauer & T i l l e 1967, W a l l i n g & Webb 1978) 
W a l l i n g & Webb (1978), f o r example, r e p o r t a very close 
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correspondence between the p a t t e r n of rock outcrops i n the 
Exe River Basin and the s p a t i a l v a r i a t i o n i n chemical 
denudation. Studies of t h i s k i n d are p a r t i c u l a r l y 
v aluable because d i f f e r e n c e s i n denudation among rocks 
has an important impact upon the landscape. Comparing 
the r a t e of denudation f o r the N a r r a t o r Catchment w i t h 
published r a t e s f o r o t h e r small catchments i n Great 
B r i t a i n w i l l give some i n d i c a t i o n of the r e l a t i v e r a t e of 
denudation of g r a n i t e under a humid temperate c l i m a t e i n 
comparison t o other rock types. 
1.6 P r a c t i c a l i m p l i c a t i o n s 
F l u v i a l processes when undisturbed pose r e l a t i v e l y 
l i t t l e t h r e a t t o man. Sediment and so l u t e s t r a n s p o r t e d 
by streams represent a loss of s o i l and n u t r i e n t s from the 
stream catchment. I n the n a t u r a l s i t u a t i o n , i f e n v i r o n -
mental c o n d i t i o n s are r e l a t i v e l y s t a b l e , t h i s loss i s 
balanced by renewed supply from rock weathering so t h a t 
denudation i n v o l v e s l i t t l e o v e r a l l change i n the s o i l mass 
even though the landscape i s a c t i v e l y undergoing m o d i f i c a -
t i o n . Catchments a f f e c t e d by ac c e l e r a t e d erosion r e s u l t -
i n g from poor land use management experience net d e p l e t i o n 
of s o i l and n u t r i e n t s and consequent r e d u c t i o n i n p o t e n t i a l 
p r o d u c t i v i t y . As w e l l as s o i l e r o s i o n on catchment slopes, 
stream channel er o s i o n i s a l s o s u b j e c t t o a c c e l e r a t i o n 
through disturbance of channel e q u i l i b r i u m , by human ac-
t i v i t y of v a r i o u s k i n d s . Problems r e s u l t i n g from 
a c c e l e r a t e d f l u v i a l processes are not l i m i t e d to 
accelerated e r o s i o n although t h i s may appear the most 
p e r n i c i o u s . Increased r a t e s of f l u v i a l t r a n s p o r t r e s u l t -
ing from a c c e l e r a t e d s o i l or channel erosion cause 
d e t e r i o r a t i o n of stream water q u a l i t y . This can severely 
r e s t r i c t f u l l u t i l i s a t i o n of water resource p o t e n t i a l and 
can also have an adverse e f f e c t upon f r e s h water ecology. 
Increased i n f l u x of n u t r i e n t s t o lakes and r e s e r v o i r s can 
lead t o e u t r o p h i c a t i o n , w h i l e sediment e n t e r i n g these water 
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bodies r e s u l t s i n s i l t a t i o n and storage r e d u c t i o n . S i l -
t a t i o n i n stream channels reduces t h e i r c a p a c i t y l e a d i n g 
to g r e a t e r frequency of overbank f l o o d i n g . 
I n c e r t a i n p a r t s o f the world these problems a r i s i n g 
from i n t e r f e r e n c e and consequent a c c e l e r a t i o n of f l u v i a l 
processes appear t o be p a r t i c u l a r l y severe. I t has been 
estimated t h a t a c c e l e r a t e d s o i l e r o s i o n has ru i n e d or 
s e r i o u s l y damaged f o r a g r i c u l t u r a l use some 282 m i l l i o n 
acres i n the United States; a much l a r g e r area, p o s s i b l y 
as much as t h r e e - q u a r t e r s of a b i l l i o n acres, has s u f f e r e d 
net loss of some p o r t i o n of i t s top s o i l (Foth & Turk 
1972). I n N a t a l , South A f r i c a , c u l t i v a t i o n o f land ad-
jac e n t t o stream channels has r e s u l t e d i n acc e l e r a t e d bank 
erosion (Alexander 1978). A d e c l i n e i n f i s h catches o f f 
the N a t a l coast has been t r a c e d t o s i l t a t i o n of e s t u a r i e s ; 
s e v e r a l marine f i s h r e q u i r e an e s t u a r i n e environment i n 
the e a r l y stages o f t h e i r l i f e c y c l e (Heydorm 1978). 
Accelerated erosion due t o c o n s t r u c t i o n a c t i v i t i e s was 
responsible f o r a 98% r e d u c t i o n i n the s i z e and number o f 
t r o u t i n the Clark Fork River, Montana (U.S. Senate 1963). 
I n Tanzania the l i f e o f several e x i s t i n g r e s e r v o i r s w i t h 
respect t o s i l t a t i o n has been cut t o less than 30 years as 
a r e s u l t of acc e l e r a t e d e r o s i o n due t o overgrazing i n the 
r e s e r v o i r catchment areas (Rapp e t a l 1972). S i l t a t i o n 
of canals and r i v e r channels has long been a problem i n 
I n d i a (Dominy 1966). The Kalagah Bridge, f o r example, a t 
the time of i t s c o n s t r u c t i o n was 36.6m above the r i v e r bed 
but t h i s has since been reduced t o 0.6m as a r e s u l t of 
sedimentation i n the r i v e r channel ( L a i & B a n n e r j i 1974). 
Eutropophication of lakes and r e s e r v o i r s as a r e s u l t of 
p o l l u t i o n and d e p l e t i o n of n u t r i e n t s from stream c a t c h -
ments i s a major problem i n many p a r t s of the wo r l d . The 
r e c r e a t i o n a l p o t e n t i a l of Lake Balaton which i s the focus 
of Hungary's t o u r i s t i n d u s t r y i s g r a d u a l l y being reduced 
by e u t r o p h i c a t i o n which has r e s u l t e d i n i n f e s t a t i o n by 
water hyacinths (Lang 1978) . 
The popular misconception s t i l l p r e v a i l s t h a t B r i t a i n , 
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as a r e s u l t of i t s temperate c l i m a t e l a c k i n g extremes i n 
both p r e c i p i t a t i o n and temperature, has been spared the 
problems a r i s i n g from disturbance of f l u v i a l processes 
(Evans 1971). However problems of s o i l e r o s i o n , a c c e l -
e r a t e d sediment t r a n s p o r t , s i l t a t i o n and e u t r o p h i c a t i o n 
are also p r e v a l e n t i n B r i t a i n . Serious s o i l loss has -
occurred i n several p a r t s of B r i t a i n as a r e s u l t of poor 
a g r i c u l t u r a l p r a c t i c e s (Thomas 1965, Bridges & Harding 
1971, Slaymaker 1972, Evans & Morgan 1974). A c t i v e 
g u l l y i n g has been r e p o r t e d from some areas (Thomas 1956, 
T u c k f i e l d 1965, Imeson 1971b, Harvey 1974, Gregory & Park 
1976). One of the few st u d i e s of erosion p o t e n t i a l i n 
B r i t a i n revealed t h a t 58% of the s o i l s of the Derbyshire 
Peak D i s t r i c t are l i a b l e t o serious e r o s i o n i f v e g e t a t i o n 
cover i s reduced (Bryan 1969). Stream sediment concen-
t r a t i o n s i n a small south Devon stream increased by as 
much as 11 times f o l l o w i n g c o n s t r u c t i o n i n the catchment 
area (Walling & Gregory 1970). Jee (1932) has recorded 
t h a t a cloud b u r s t i n the Upper Eden V a l l e y i n 1930 caused 
sediment c o n c e n t r a t i o n s i n the r i v e r s u f f i c i e n t t o k i l l 
l a r g e numbers of t r o u t . Thoresby l a k e , Nottinghamshire, 
created i n 1720, i s now almost completely f i l l e d w i t h s i l t 
( P o t ter 1973). Large net losses of n u t r i e n t s have been 
re p o r t e d from a Pennine catchment f o l l o w i n g burning of 
the moorland v e g e t a t i o n t o improve g r a z i n g (Crisp 1966). 
Owens (1970) draws a t t e n t i o n t o the dangers of e u t r o p h i c a -
t i o n as a r e s u l t of ac c e l e r a t e d t r a n s p o r t of n u t r i e n t s i n 
B r i t i s h streams. 
Douglas (1969) warns of " f a r reaching d e l e t e r i o u s 
e f f e c t s " i f land use changes are made i n B r i t a i n i n i g -
norance of po s s i b l e repercussion upon e r o s i o n and s e d i -
ment y i e l d . Research r e l a t i n g v e g e t a t i o n and land-use t o 
catchment sediment y i e l d s i s l a c k i n g i n B r i t a i n (Douglas, 
1969, Imeson, 1974). The need f o r t h i s type of research 
i s most urgent f o r management of r e s e r v o i r catchments 
where damage t o water q u a l i t y , e u t r o p h i c a t i o n and r e s e r v o i r 
sedimentation are p o s s i b l e hazards (Kirby & Rodda, 1974). 
A f f o r e s t a t i o n f o r example, i s a common p r a c t i c e i n 
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r e s e r v o i r catchments and i s based upon the b e l i e f t h a t 
f o r e s t cover o f f e r s g r e a t e r p r o t e c t i o n a g a i n s t s o i l e r o s i o n 
by i n t e r c e p t i n g d i r e c t r a i n f a l l and thereby n u l l i f y i n g i t s 
erosive p o t e n t i a l (Leyton, e t a l 1967). This c o n t e n t i o n 
d e r i v e s support from the r e s u l t s of experimental catchment 
research p r o j e c t s undertaken i n several c o u n t r i e s i n c l u d i n g 
Russia (Nikolayenko 1974), I t a l y (Gazzalo & Bassi 1964), 
and the United States (Gottschalk 1962), a l l of which r e -
p o r t r e d u c t i o n i n sediment y i e l d s f o l l o w i n g a f f o r e s t a t i o n . 
Although a f f o r e s t a t i o n may reduce supply of sediment from 
sheet e r o s i o n . P a i n t e r e t a l (1974) describe a 200-fold i n -
crease i n sediment y i e l d from a moorland catchment i n 
Wales as a r e s u l t of a c c e l e r a t e d channel erosion which they 
a t t r i b u t e t o a f f o r e s t a t i o n of the catchment. Clear signs 
of r a p i d bank erosion i n the p a r t of the N a r r a t o r Brook 
which passes through f o r e s t p l a n t a t i o n may perhaps support 
the conclusions reached by P a i n t e r e t a l (1974). The 
N a r r a t o r catchment i s used f o r g r a z i n g c a t t l e and sheep. 
Research by Imeson (1974) on the North Yorkshire Moors has 
shown t h a t g r a z i n g and associated management p r a c t i c e s , 
i n c l u d i n g heather b u r n i n g , can lead t o a marked a c c e l e r a -
t i o n of f l u v i a l t r a n s p o r t . The p o s s i b l e impact of both 
a f f o r e s t a t i o n and g r a z i n g i n the N a r r a t o r catchment are 
i n v e s t i g a t e d i n t h i s study 
i-7 R e l a t i v e importance of sediment and 
s o l u t e loads 
The f i n a l o b j e c t i v e of the study i s t o assess the 
r e l a t i v e c o n t r i b u t i o n of the d i f f e r e n t forms of f l u v i a l 
t r a n s p o r t t o t o t a l load i n the N a r r a t o r catchment. Brown 
(1979), i n h i s p r e s i d e n t i a l address t o the I n s t i t u t e of 
B r i t i s h Geographers, s i n g l e s out the d e t e r m i n a t i o n of the 
r e l a t i v e importance of sediment and s o l u t e t r a n s p o r t by 
streams as one of the prime areas of i n t e r e s t f o r f u t u r e 
geomorphological research i n B r i t a i n . The r e l a t i v e 
p r o p o r t i o n of sediment and s o l u t e s discharged from a c a t c h -
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ment depends upon the several f a c t o r s which govern each 
form of t r a n s p o r t i n d i v i d u a l l y . However, on a c o n t i n e n -
t a l scale, s p a t i a l v a r i a t i o n i n the r e l a t i v e importance 
of sediment and s o l u t e y i e l d s i s r e l a t e d t o mean annual 
p r e c i p i t a t i o n . Research by Langbein & Schumm (1958), 
Rango (1970) and others has shown t h a t u n i t area sediment 
y i e l d decreases w i t h i n c r e a s i n g mean annual p r e c i p i t a t i o n 
from a peak i n semi-arid c l i m a t e s . According t o L i v i n g -
stone (1963) and Langbein & Dawdy (1964) u n i t area s o l u t e 
y i e l d d i s p l a y s the opposite t r e n d i n c r e a s i n g w i t h mean 
annual p r e c i p i t a t i o n . A p o i n t i s thus reached as the 
c l i m a t e becomes w e t t e r when sediment y i e l d , which i s nor-
mally dominant i n dry c l i m a t e s , i s overhauled by s o l u t e 
y i e l d . This occurs when mean annual r u n o f f reaches 
around 500 mm according t o Statham (1977) and around 600 
mm according t o Gregory & W a l l i n g (1973). Since r u n o f f 
on Dartmoor exceeds 1 000 mm (Rodda e t a l 1976) i t can be 
expected t h a t s o l u t e y i e l d w i l l predominate i n those areas 
u n a f f e c t e d by human a c t i v i t y . Upon disturbance of the 
stream catchment suspended sediment t r a n s p o r t i s g e n e r a l l y 
subject t o more r a p i d a c c e l e r a t i o n than s o l u t e t r a n s p o r t . 
I n catchments a f f e c t e d by human a c t i v i t y , t h e r e f o r e , s e d i -
ment y i e l d s are l i k e l y t o g r e a t l y outweigh s o l u t e y i e l d , 
even under wet c l i m a t e s , and t h i s perhaps can be used t o 
help diagnose a d i s t u r b e d catchment. 
A p r o p o r t i o n of t o t a l sediment t r a n s p o r t e d , known as 
bedload, moves by r o l l i n g and s l i d i n g i n close c o n t a c t 
w i t h the stream bed, i n c o n t r a s t t o the f i n e r p a r t i c l e s 
which are t r a n s p o r t e d i n suspension w i t h i n the stream. 
The c o n t r i b u t i o n of bedload t r a n s p o r t t o t o t a l s e d i -
ment t r a n s p o r t v a r i e s considerably from catchment t o c a t c h -
ment and no broad trends are apparent. Very few observa-
t i o n s of bedload have been made i n small streams i n B r i t a i n 
i n comparison t o other forms of f l u v i a l t r a n s p o r t , but the 
m a j o r i t y of those observations t h a t have been made i n d i c a t e 
t h a t g e n e r a l l y bedload i s r e l a t i v e l y unimportant. I n the 
Catchwater D r a i n , Y o r k s h i r e , bedload i s only 0,5% of t o t a l 
sediment load (Imeson & Ward 1972), and i n f i v e east 
Devon catchments t h i s p r o p o r t i o n v a r i e s between 0.5 and 
2.5% (Walling 1971a). No g e n e r a l i s a t i o n s are p o s s i b l e , 
however, since P a i n t e r e t a l (1974) r e p o r t t h a t i n a small 
Mid-Wales catchment,as a r e s u l t of a f f o r e s t a t i o n and the 
c r e a t i o n of drainage d i t c h e s , bedload exceeds suspended 
load. Bedload t r a n s p o r t i n Lake D i s t r i c t streams i s of 
a r a t e s u f f i c i e n t t o create severe problems of channel 
aggradation l e a d i n g t o r e d u c t i o n i n channel c a p a c i t y and 
increased frequency of f l o o d i n g (Clayton 1951). Since 
i n some catchments bedload can apparently form an appre-
c i a b l e p r o p o r t i o n of t o t a l sediment i n t r a n s p o r t i t should 
not, as i s o f t e n the case, be ignored i n stud i e s of ca t c h -
ment denudation, but ne c e s s i t a t e s some form o f measurement 
or e s t i m a t i o n . 
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CHAPTER 2 
THE NARRATOR CATCHiMENT 
2.1 I n t r o d u c t i o n 
The N a r r a t o r Brook, which forms the focus of the 
present study, i s a t r i b u t a r y o f the Heavy River, s i t u a t e d 
close t o the south western margin of Dartmoor ( f i g 2.1; 
p l a t e 2,1). I t i s one of three major streams d r a i n i n g t o 
the B u r r a t o r Reservoir and i t s catchment area of 4.68 km= 
comprises 22% of the t o t a l drainage area of the r e s e r v o i r . 
Choice of the N a r r a t o r catchment represents a compromise 
between two c o n f l i c t i n g requirements of the study. I t i s 
r e p r e s e n t a t i v e of the surrounding r e g i o n and ye t s u f f i -
c i e n t l y uncomplicated t o per m i t r e l a t i o n of f l u v i a l t r a n s -
p o r t r a t e s t o environmental c o n t r o l s . I n smaller c a t c h -
ments which are r e l a t i v e l y homogenous w i t h respect t o 
p h y s i c a l c h a r a c t e r i s t i c s i n t e r p r e t a t i o n of sediment and 
sol u t e output i s simpler, but l a r g e r heterogeneous c a t c h -
ments are more r e p r e s e n t a t i v e of broader regions. The 
Narrato r catchment i s u n d e r l a i n by a s i n g l e rock type w h i l e 
v e g e t a t i o n and s o i l s d i s p l a y marked c o n t r a s t s . Although 
somewhat l a r g e r than most research catchments i t i s small 
enough t h a t hydrometeorological c o n d i t i o n s can be con-
sidered s u f f i c i e n t l y u n i form not t o cause s i g n i f i c a n t prob-
lems i n data i n t e r p r e t a t i o n . Human a c t i v i t y i n the c a t c h -
ment i s l i m i t e d so t h a t serious a c c e l e r a t i o n of f l u v i a l 
t r a n s p o r t i s u n l i k e l y and matching measured t r a n s p o r t r a t e s 
t o environmental s e t t i n g i s thus more r e l i a b l e than would 
otherwise be the case. Results from the catchment can be 
regarded as f a i r l y r e p r e s e n t a t i v e of the 600 km^ of D a r t -
moor g r a n i t e , and p o s s i b l y i n a more general way of a l l 
highland regions u n d e r l a i n by g r a n i t e rocks i n a moist 
temperate c l i m a t e . 
The N a r r a t o r catchment also f u l f i l s several p r a c t i c a l 
requirements. Reservoir catchments o f f e r c e r t a i n impor-
t a n t advantages f o r h y d r o l o g i c a l research. They are 
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P l a t e 2.1 O v e r a l l view of the Narrator catchment looking s o u t h - e a s t . 
The c o n i f e r o u s f o r e s t p l a n t a t i o n i s c l e a r l y v i s i b l e i n the 
western region of the catchment. 
P l a t e 2.2 Upper regions of the Narrator catchment looking n o r t h - e a s t . 
Note the e x t e n s i v e c l i t t e r surrounding Combeshead Tor a t 
the l e f t of the p i c t u r e and the c o n t r a s t t h i s provides w i t h 
the smooth c l i t t e r f r e e s l o p e s i n the foreground. 
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a f f o r d e d maximum p r o t e c t i o n from huinan i n t e r f e r e n c e of 
h y d r o l o g i c a i p r o c e s s e s i n order to prese r v e water q u a l i t y . 
The catchment area of the B u r r a t o r R e s e r v o i r i s owned en-
t i r e l y by the South West Water A u t h o r i t y which ensures 
freedom of movement throughout the catchment together w i t h 
permission f o r i n s t a l l a t i o n of a l l the nece s s a r y i n s t r u -
mentation, A v a l u a b l e e x i s t i n g body of data accumulated 
by the South West Water A u t h o r i t y r e l a t i n g to the B u r r a t o r 
R e s e r v o i r and i t s catchment i s a l s o a v a i l a b l e . These da t a 
i n c l u d e s long term r a i n f a l l and runoff r e c o r d s , chemical 
water a n a l y s e s , and a survey of sediment d e p o s i t i o n i n the 
r e s e r v o i r . A c c e s s i b i l i t y i s another important p r a c t i c a l 
c o n s i d e r a t i o n . The e s t a b l i s h m e n t of the r e s e r v o i r w i t h 
a s s o c i a t e d commercial f o r e s t p l a n t a t i o n s has n e c e s s i t a t e d 
the p r o v i s i o n of a c c e s s roads. A tarmacadamed road p a s s e s 
the mouth of the Narrator Brook and two unsurfaced t r a c k s 
p a s s a b l e by Landrover extend i n t o the catchment. 
For many h y d r o l o g i c a l r e s e a r c h purposes such as 
n u t r i e n t budget or water balance s t u d i e s i t i s e s s e n t i a l 
t h a t the catchment be w a t e r - t i g h t . ' The un i f o r m i t y of 
g e o l o g i c a l s t r u c t u r e on Dartmoor means t h a t topographic 
d i v i d e s and p h r e a t i c d i v i d e s are probably near c o i n c i d e n t , 
which i s a d i s t i n c t advantage. Dartmoor i s , however, 
c h a r a c t e r i s e d by a complex system of l e a t s which t r a n s f e r 
water a c r o s s catchment d i v i d e s . Of the three major sub-
catchments of the B u r r a t o r R e s e r v o i r , only the Narrator 
catchment i s f r e e from l e a t s . 
2.2 Geology 
The e n t i r e area of the Nar r a t o r catchment i s under-
l a i n by Dartmoor G r a n i t e which was emplaced, along with 
s e v e r a l other s m a l l e r plutons i n Cornwall, during the 
Hercynian Orogeny, 280 m i l l i o n y e a r s ago. Although t h e r e 
are s l i g h t t e x t u r a l and m i n e r a l o g i c a l d i f f e r e n c e s between 
Blue G r a n i t e and Giant G r a n i t e , both of which are represen^ 
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ted i n the catchment, these d i f f e r e n c e s are u n l i k e l y to 
have ineasureable impact upon catchment p r o c e s s e s , and i n 
t h i s r e s p e c t the l i t h o l o g y of the catchment can be con-
s i d e r e d uniform. The g r a n i t e i s coarse grained, porphy-
r i t i c and schorla c e o u s (Brammall & Harwood 1923). Ortho-
c l a s e i s the dominant f e l s p a r thus p l a c i n g the Dartmoor 
G r a n i t e w i t h i n the c l a s s of a l k a l i g r a n i t e s . Phenocrysts 
of m i c r o p e r t h i t i c o r t h o c l a s e i n the rock measure up to 
20 cm i n length. The remainder of the rock i s composed 
mainly of o r t h o c l a s e , p l a g i o c l a s e , b i o t i t e and q u a r t z . 
L o c a l l y b i o t i t e has been r e p l a c e d by tourmaline as a r e -
s u l t of metasomatic a c t i v i t y during c r y s t a l l i s a t i o n . 
Accessory m i n e r a l s , i n common with most g r a n i t e s , i n c l u d e 
magnetite and a p a t i t e . I n a d d i t i o n , as a r e s u l t of an 
unusual frequency of i n c l u s i o n s and i n t r u s i o n s , t h e r e i s 
a r i c h d i v e r s i t y of t r a c e m i n e r a l s not of t e n found i n 
g r a n i t e r o c k s . Some of these are concentrated i n t o v e i n s 
or lodes and have i n the pas t been e x p l o i t e d commercially 
on a l a r g e s c a l e . T i n mining on Dartmoor was p a r t i c u l a r l y 
important i n the 18th and 19th c e n t u r i e s . Since rock 
weathering i s a major source f o r stream s o l u t e s , the 
chemical composition of stream water can only be i n t e r p r e -
ted by r e f e r e n c e to geochemical a n a l y s i s of catchment r o c k s . 
A n a l y s i s of a sample of Dartmoor G r a n i t e from the Princetown 
Quarry, 5 km from the Nar r a t o r catchment i s presented by 
Brammall & Harwood (1923) ( t a b l e 2.1). Of note i s the high 
proportion of KjO r e f l e c t i n g the dominance of o r t h o c l a s e 
which i s d i a g n o s t i c of a l k a l i g r a n i t e . 
G r a n i t e bedrock outcrops a t the t o r s which l i e w i t h -
i n or a t the margins of the catchment, but over most of 
the catchment i t i s buried under a l a r g e t h i c k n e s s of 
s u p e r f i c i a l d e p o s i t s . The v a l l e y f i l l c o n s i s t s of an 
upper l a y e r of p e r i g l a c i a l head d e p o s i t s o v e r l y i n g r o t t e d 
g r a n i t e . The head d e p o s i t s r e p r e s e n t an accumulation of 
m a t e r i a l t r a n s p o r t e d from the higher margins of the c a t c h -
ment by s o l i f l u c t i o n during the P l e i s t o c e n e p e r i o d and 
t h i s may have been r e s p o n s i b l e f or exposure of the t o r s 
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Table 2.1 Geochemical composition of g r a n i t e from 
Princetown Quarry, Dartmoor (Data from 
Brammall & Harwood 1923 - f i g u r e s i n p e r c e n t ) . 
SiO^ 70,5 
14.4 
K^O 5.0 
Na^O 3.0 
FeO+Fe^O^ 3.0 
CaO 1.5 
1 .0 
MgO 0.7 
TiO^ 0.4 
^2^5 0.2 
MnO 0.1 
o t h e r s 0.2 
(Waters 1964). Boreholes put down by the Geology Depart-
ment of Plymouth P o l y t e c h n i c through the v a l l e y f i l l i n 
the c e n t r a l p a r t of the Narrator catchment f a i l e d to reach 
bedrock a t a depth of 35 metres. E x c a v a t i o n s , at the 
time of c o n s t r u c t i o n of the B u r r a t o r Dam, 1 km west of the 
Narrator catchment, r e v e a l e d depths of a t l e a s t 40 metres 
(Sandeman 1900). 
On the higher margins of the catchment p e r i g l a c i a l 
d e p o s i t s appear l e s s important. A deep exposure i n 
s u p e r f i c i a l d e p o s i t s i s provided by a g u l l y , on the edge of 
the a d j a c e n t Newleycombe Lake catchment. Here undisturbed 
r o t t e d g r a n i t e immediately u n d e r l i e s s u r f a c e peat. The 
r o t t e d g r a n i t e or growan pre-dates the head d e p o s i t s . The 
o r i g i n of the growan i s undecided. According to L i n t o n 
(1955) and Brunsden (1964b) i t o r i g i n a t e d from deep 
weathering under a t r o p i c a l c l i m a t e during the T e r t i a r y 
p e r i o d . A n a l y s i s of quartz g r a i n t e x t u r e s w i t h i n the 
growan by Doornkamp (1974) u s i n g e l e c t r o n microscopy r e -
v e a l s evidence f o r t r o p i c a l weathering, although t h i s does 
not n e c e s s a r i l y confirm t h a t the growan o r i g i n a t e d i n t h i s 
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way. Te Punga (1957) and Palmer & N e i l s e n (1962) favour 
mechanical d i s i n t e g r a t i o n i n a p e r i g l a c i a l c l i m a t e during 
the P l e i s t o c e n e . Eden and Green (1971) from t e x t u r a l 
and m i n e r a l o g i c a l a n a l y s i s of Dartmoor growan d i s c o v e r e d 
t h a t i t s c l a y content i s lower than i n p r e s e n t s o i l cover 
developed upon growan wh i l e i t s f e l s p a r content i s some-
what higher. S i n c e weathering of f e l s p a r to c l a y i s more 
r a p i d i n t r o p i c a l c l i m a t e s , Eden and Green (1971) conclude 
t h a t the Dartmoor growan formed under a c l i m a t e s i m i l a r to 
t h a t a t p r e s e n t . 
These s u p e r f i c i a l d e p o s i t s provide a l a r g e p o t e n t i a l 
storage for groundwater i n the catchment and thereby e x e r t 
a profound i n f l u e n c e upon catchment hydrology. These de-
p o s i t s are a l s o a ready source of m a t e r i a l f o r f l u v i a l 
t r a n s p o r t where i t becomes exposed a t g u l l y s i t e s and stream 
bank b l u f f s . The growan has a p a r t i c u l a r l y sandy t e x t u r e 
which renders i t f r i a b l e and s u s c e p t i b l e to e r o s i o n . 
P a r t i c l e s i z e a n a l y s i s of growan samples from the bank of 
the Sheepstor Beck w i t h i n the Narrator catchment and from 
the Newleycombe G u l l y 1 km to the north of the catchment, 
r e v e a l t h a t p a r t i c l e s of sand s i z e and l a r g e r account f o r 
between 86% and 96% of the samples. T h i s compares with 
f i g u r e s reported by Eden & Green (1971) f o r Dartmoor Growan 
which range from 87% to 72%, L o c a l l y , however, c l a y 
l e n s e s occur i n the growan, which are exposed i n stream 
bank b l u f f s and have a l s o been encountered i n boreholes 
( J . Alexander - p e r s . comm.) 
2,3 Physiography 
The catchment ranges i n e l e v a t i o n from 222 m above 
O.D. a t i t s e x i t to 456 m a t i t s summit a t Eylesbarrow 
y i e l d i n g a t o t a l r e l i e f of 234 m ( f i g 2.2). Slopes 
g e n e r a l l y are moderate. Most commonly slope angles vary 
between 5° and 10^; s l o p e s i n t h i s range account f o r 52% 
of the catchment area ( f i g 2.3). Low angle s l o p e s l e s s 
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than 5"^  occur i n the f l o o r of the v a l l e y and on the higher 
margins of the catchment with steeper s l o p e s between 
( f i g 2.4). T h i s d i s t r i b u t i o n of s l o p e s r e f l e c t s the 
predominance of convexo-concave slope p r o f i l e s i n the 
catchment which are c h a r a c t e r i s t i c of Dartmoor ( f i g 2.5). 
P r o f i l e s i n the lower western end of the catchment, p a r -
t i c u l a r l y below t o r s , are i n t e r r u p t e d by s e v e r a l breaks of 
slope. These breaks of slope may r e p r e s e n t s o l i f l u c t i o n 
t e r r a c e s which o r i g i n a t e d during the p e r i g l a c i a l c o n d i t i o n s 
of the P l e i s t o c e n e . The importance of the P l e i s t o c e n e 
legacy to the geomorphology of Dartmoor has been s t r e s s e d 
by Waters (1964). The t o r s , surrounded by e x t e n s i v e f i e l d s 
of coarse c l i t t e r which c o n s t i t u t e perhaps the most c h a r a c -
t e r i s t i c f e a t u r e s of Dartmoor, owe t h e i r o r i g i n s , a t l e a s t 
i n p a r t , to P l e i s t o c e n e morphogenesis ( p l a t e 2.2). 
The Narrator Brook flows i n a v/esterly d i r e c t i o n and 
s l o p e s i n the source region of the catchment are predomi-
n a n t l y of w e s t e r l y a s p e c t ( f i g 2.6), Towards the western 
end of the catchment where v a l l e y form becomes pronounced 
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north and south f a c i n g s l o p e s predominate. These v a l l e y 
s i d e s l o p e s , which average 11.0*^ are steeper than the west 
f a c i n g headwater s l o p e s , which only average 6.2*^ ( t a b l e 
2.2). The v a l l e y i t s e l f i s markedly asymmetrical. The 
mean ar e a weighted angle of n o r t h - f a c i n g s l o p e s i s 13.1° i n 
comparison to 9.6*^  f o r s o u t h - f a c i n g s l o p e s . T h i s may be 
yet another physiographic legacy of the P l e i s t o c e n e . 
V a l l e y asymmetry i n many p a r t s of the World has been a s -
c r i b e d to p e r i g l a c i a l c o n d i t i o n s , although the p r e c i s e 
mechanisms r e s p o n s i b l e probably vary (Embleton & King 1975). 
Table 2.2 Slope angle and slope aspect i n the Nar r a t o r 
catchment. 
Mean Area 
Aspect A r e a ( % of catchment) Weighted Slope (° 
Western quadrant 54 6.2 
E a s t e r n quadrant 7 4.8 
Southern quadrant 23 9.6 
Northern quadrant 16 13.1 
The p r e - P l e i s t o c e n e t e c t o n i c and denudational h i s t o r y 
of Dartmoor has a l s o l e f t i t s i m p r i n t on the Dartmoor l a n d -
scape and s e v e r a l e r o s i o n s u r f a c e s a t v a r i o u s e l e v a t i o n s 
have been recognised (Orme 1964, B a l c h i n 1964). There i s 
no r e a l evidence i n the physiography of the Narrator c a t c h -
ment to support the e x i s t e n c e of e r o s i o n s u r f a c e s which can 
be matched with those e s t a b l i s h e d f o r Dartmoor as a whole. 
In a d d i t i o n to the n a t u r a l p r o c e s s e s of land s c u l p t u r e 
the catchment has a l s o been s c a r r e d by mineral e x p l o i t a t i o n 
i n the p a s t . Mining was l a r g e l y , though not e n t i r e l y , by 
s u r f a c e e x c a v a t i o n r e s u l t i n g i n p i t s , t r e n c h e s and s p o i l 
heaps a l l of which have s i n c e a c q u i r e d a p r o t e c t i v e cover of 
ve g e t a t i o n e q u i v a l e n t to t h a t of u n a f f e c t e d a r e a s . T i n 
streaming was a l s o important and may have been p a r t l y r e s -
p o n s i b l e f o r i r r e g u l a r lower slope p r o f i l e s i n the Na r r a t o r 
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catchment (Ternan & W i l l i a m s 1979). At l e a s t four mine 
s h a f t s i n the catchment bear w i t n e s s to underground opera 
t i o n s "as w e l l as s u r f a c e e x c a v a t i o n s . 
2.4 S o i l c h a r a c t e r i s t i c s 
The nature of the s o i l cover has an important i n f l u e n c e 
upon catchment hydrology s i n c e i t l a r g e l y determines the 
•pathways of storm r u n o f f . S o i l s which a r e s u b j e c t to r a p i d 
s a t u r a t i o n t r a n s m i t a l a r g e proportion of r u n o f f upon the 
s u r f a c e . P r o p e r t i e s which govern the s u s c e p t i b i l i t y of 
s o i l to become s a t u r a t e d i n c l u d e t e x t u r e and o r g a n i c matter 
content. These p r o p e r t i e s a l s o i n f l u e n c e s o i l e r o d i b i l i t y 
and hence supply of s o i l p a r t i c l e s to s u r f a c e r u n o f f . 
Clayden & Manley (1964) re c o g n i s e t h r e e major s o i l 
types upon Dartmoor G r a n i t e : peaty g l e y , peaty podsol and 
brown e a r t h . A l l are p r e s e n t w i t h i n the Narrator catchment 
A more r e c e n t survey of s o i l on Dartmoor G r a n i t e (Harrod 
e t a l 1976) d i s t i n g u i s h e s between s i x s o i l s e r i e s : Laployd, 
Princetown, Hexworthy, Rough Tor, Moretonhampstead and Moor 
Gate . 
Peaty gley s o i l s which correspond to the Laployd and 
Princetown s e r i e s c o n s i s t of a t h i c k black s u r f a c e l a y e r of 
peat commonly exceeding a metre i n depth o v e r l y i n g a sandy 
t e x t u r e d mineral s u b - s o i l which v a r i e s i n c o l o u r from grey 
to brown. They occur i n permanently s a t u r a t e d a r e a s both 
i n v a l l e y bottoms and a l s o i n r e g i o n s of b l a n k e t bog on 
h i l l summits. The major d i f f e r e n c e between b l a n k e t bog 
and v a l l e y bog s o i l s i s t h a t i n the l a t t e r , s o i l s a t u r a t i o n 
i s maintained by groundwater r a t h e r than by d i r e c t p r e -
c i p i t a t i o n and consequently d i s s o l v e d mineral s p e c i e s a r e 
more d i v e r s e . Permanently s a t u r a t e d a r e a s are not ex-^..^ 
t e n s i v e i n the Narrator catchment occupying only 2% of i t s 
a r e a ( f i g 2.7; t a b l e 2 . 3 ) . To some ex t e n t , d e l i m i t a t i o n 
of permanently s a t u r a t e d a r e a s i s a r b i t r a r y s i n c e s a t u r a t e d 
a r e a s expand during wet p e r i o d s and contract during dry 
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Table 2.3 A r e a l cover of s o i l and v e g e t a t i o n types i n the Narrator catchment. 
Area(km^) P e r c e n t of 
Catchment 
Moorland wi t h stagnopodsols 
Brown e a r t h (brown p o d s o l i c s o i l s ) 
G r a s s l a n d (improved p a s t u r e ) 
C o n i f e r o u s p l a n t a t i o n 
Permanently s a t u r a t e d ground 
(gley s o i l s ) 
Bracken {Pteridium aquilinum) 
i n f e s t a t i o n 
3.18 
1.40 
0.87 
0.53 
O. 10 
0.83 
68.0 
29.9 
18.6 
11.3 
2.1 
17.7 
T o t a l catchment 4.68 
p e r i o d s (Dunne & Black 1970). The ar e a mapped i n f i g 2.7 
remained wet throughout the very dry summer of 19 76 and so 
can be reasonably regarded as permanently s a t u r a t e d . 
Stagnopodsols (peaty podsols) of the Hexworthy and 
Roughtor s e r i e s cover 68% of the catchment a r e a of the 
Narrator Brook. They occur on moderate s l o p e s and high 
a l t i t u d e s around the margins of the catchment ( f i g 2 . 7 ) . 
The black s u r f a c e l a y e r of peat i s t h i n n e r than i n the 
case of the peaty gley s o i l s , ranging i n t h i c k n e s s from 
10 to 30 cm. I n the Hexworthy s e r i e s a t h i n i r o n pan 
u n d e r l i e s s u r f a c e peat but i n the Roughtor s e r i e s i t i s 
absent. The s u b - s o i l i s coarse i n t e x t u r e and brown to 
ochreous i n c o l o u r . Drainage i n these s o i l s i s poor and 
they are s u b j e c t to temporary s a t u r a t i o n during wet 
pe r i o d s . S a t u r a t i o n overland flow on these s o i l s i s 
l i k e l y to be frequent with i m p l i c a t i o n s f o r both s e d i -
ment and s o l u t e production. 
The brown e a r t h s o i l type, comprising the Moreton-
hampstead and Moor Gate s e r i e s , accounts f o r the remain-
ing- 30% of the catchment a r e a . T h i s s o i l type d i f f e r s 
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fundamentally from stagnopodsol i n the absence of a s u r -
f a c e l a y e r of peat. The A horizon v a r i e s i n c o l o u r from 
brown to blac k depending upon humus content and averages 
40 cm i n depth. Weight l o s s recorded from i g n i t i o n of 
nine samples of the A horizon i n the brown e a r t h s o i l type 
ranged from 9% to 17%; corresponding v a l u e s f o r eleven 
samples of stagnopodsol a l l exceeded 40%. The t e x t u r e of 
the A horizon i n the brown e a r t h s o i l type i s v a r i a b l e 
but predominantly sandy/ the proportion of sand and c o a r s e r 
p a r t i c l e s f o r nine samples t e s t e d v a r i e d between 48% and 
68%. As a r e s u l t of t h e i r c o a r s e t e x t u r e , and compara-
t i v e l y low organic content i t i s b e t t e r d r a i n e d than the 
stagnopodsol- S a t u r a t i o n o v e r l a n d flow i s l i J c e l y to be 
l e s s frequent on t h i s s o i l i n comparison to stagnopodsol. 
The boundary s e p a r a t i n g the two major s o i l types i n 
the Narrator catchment, stagnopodsol and brown e a r t h , i s 
sharp and w e l l defined ( f i g 2.7). I t c o i n c i d e s f o r the 
most p a r t with the l i m i t s of formerly e n c l o s e d land marked 
by the remains of dry stone w a l l s . . T h i s could i n d i c a t e 
t h a t the brown e a r t h s o i l type, i n t h i s r e gion of Dartmoor 
at l e a s t , has o r i g i n a t e d from c u l t i v a t i o n of stagnopodsol. 
2-5 Vegetation and land use 
Vegetation c h a r a c t e r i s t i c s i n f l u e n c e catchment pro-
c e s s e s i n s e v e r a l important ways. F i r s t l y through i n t e r -
c e p t i o n and e v a p o t r a n s p i r a t i o n v e g e t a t i o n a f f e c t s runoff 
volume, while through i t s e f f e c t upon i n f i l t r a t i o n r a t e 
v e g e t a t i o n a l s o determines to some exte n t the propo r t i o n 
of storm r u n o f f which i s t r a n s m i t t e d upon the s u r f a c e . 
Secondly v e g e t a t i o n a c t s to p r o t e c t the s o i l s u r f a c e from 
sheet wash thus r e g u l a t i n g supply of suspended sediment 
for stream t r a n s p o r t . T h i r d l y s i n c e v e g e t a t i o n r e p r e s e n t s 
a l a r g e f l u c t u a t i n g s t o r e of p o t e n t i a l stream s o l u t e s , 
a c q u i r e d e i t h e r by uptake of n u t r i e n t s from the s o i l or 
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entrapment of atmospheric s a l t s , r a t e of stream s o l u t e 
t r a n s p o r t i s a l s o a f f e c t e d by v e g e t a t i o n c h a r a c t e r i s t i c s . 
E x c l u d i n g a r e a s of permanently s a t u r a t e d ground, 
v e g e t a t i o n i n the Narrator catchment can be separated i n -
to thr e e broad c o n t r a s t i n g types: Moorland (rough pas-
ture) , g r a s s l a n d (improved pa s t u r e ) and c o n i f e r o u s f o r e s t 
Marsh communities, dominated by s p e c i e s of Sphagnum and 
Juncus , which c o l o n i s e permanently s a t u r a t e d ground, 
cover only 2% of the t o t a l a r e a of the catchment. 
Moorland occurs as a broad c r e s c e n t i c b e l t around 
the higher margins of the catchment and accounts f o r 68% 
of the t o t a l a r e a ( f i g 2.7). I t i s c h a r a c t e r i s e d by a 
dis c o n t i n u o u s cover of low shrubs i n c l u d i n g Calluna vul-
garis. Erica tetralix and Vaccinium myrtillus with an 
understorey of g r a s s and herbs. Prominent among the 
moorland g r a s s s p e c i e s are Agrostis setacea and Molinia 
oaerulea, The l a t t e r d i e s away i n wi n t e r exposing the 
bare peat s u r f a c e i n pa t c h e s . 
G r a s s l a n d on Dartmoor i s con s i d e r e d by Ward e t a l 
(1972) to have i t s o r i g i n i n burning, g r a z i n g and c u l t i -
v a t i o n of moorland and i s r e s t r i c t e d to the lower western 
and c e n t r a l p a r t s of the catchment. Grass i s dominated 
by Agrostis tenuis and Festuca ovina which form a t h i c k 
p r o t e c t i v e t u r f and which provide a continuous a l l year 
round cover. Large a r e a s of g r a s s l a n d have been i n -
vaded by bracken(Pteridium aquilinum) which r i s e s i n May 
and d i e s back i n October ( f i g 2.7; Table 2 . 3 ) . I n 
p l a c e s , during l a t e summer, i t reaches two metres i n 
height and becomes exceedingly dense forming a complete 
canopy. Bracken l i t t e r a l s o forms a t h i c k c a r p e t per-
s i s t i n g i n some a r e a s throughout the dormant season. 
Bracken does not, however, exclude ground s u r f a c e vege-
t a t i o n or reduce the t h i c k n e s s of t u r f . Bracken has a l -
so succeeded i n c o l o n i z i n g the b e t t e r drained a r e a s of 
moorland i n the catchment, but here does not become q u i t e 
as dense. The g r a s s l a n d region c o n t a i n s s c a t t e r e d de-
ciduous t r e e s which do not form any continuous cover ex-
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cept i n a r e s t r i c t e d area c l o s e to the stream channel i n 
the c e n t r a l p a r t of the catchment ( f i g 2 . 7 ) . Common 
s p e c i e s are Oak {Quercus robur) , Beech (Fagus sylvatica) 
and Sycamore {Acer pseudoplatanus), 
The t h i r d major v e g e t a t i o n a l type p r e s e n t i n the 
Narrator catchment i s a c o n i f e r o u s f o r e s t p l a n t a t i o n e s -
t a b l i s h e d i n the in t e r - w a r p e r i o d and cov e r i n g 0.53 km^ 
at the western end of the catchment. The major s p e c i e s 
i s S i t k a Spruce {Picea sitchensis) but Norway Pine {Pinus 
resinosa) and Japanese L a r c h {Larix leptolepis) are a l s o 
p r e s e n t together with a few deciduous t r e e s which pre-date 
the f o r e s t p l a n t a t i o n . I n p l a c e s t r e e d e n s i t y i s such 
t h a t the canopy i s complete and ground s u r f a c e v e g e t a t i o n 
i s almost e n t i r e l y excluded, although the s o i l s u r f a c e i s 
pr o t e c t e d from r a i n s p l a s h by a n a t u r a l mulch of spruce 
ne e d l e s . Even where the canopy i s not complete the t u r f 
cover i s i n v a r i a b l y t h i n . 
There e x i s t s a very c l o s e s p a t i a l a s s o c i a t i o n between 
ve g e t a t i o n and s o i l types i n the catchment. Moorland 
ve g e t a t i o n i s confined to stagnopodsol and g r a s s l a n d to 
brown e a r t h . A f f o r e s t a t i o n has been e n t i r e l y r e s t r i c t e d 
to former a r e a s of enclosed g r a s s l a n d . The most s i g n i f i -
cant v e g e t a t i o n a l c o n t r a s t i n terms of h y d r o l o g i c a l pro-
c e s s e s i n the Narrator catchment i s between f o r e s t e d and 
non-forested a r e a s (moorland and g r a s s l a n d ) . F o r e s t vege-
t a t i o n i s l i k e l y to d i f f e r s u b s t a n t i a l l y from g r a s s l a n d or 
moorland i n terms of e v a p o t r a n s p i r a t i o n , i n t e r c e p t i o n , s o i l 
p r o t e c t i o n , c y c l i n g of n u t r i e n t s and entrapment of atmos-
p h e r i c s a l t s . The p r i n c i p l e corresponding p e d o l o g i c a l 
c o n t r a s t i s between peaty and non-peaty s o i l s . These two 
s o i l types are l i k e l y to d i f f e r markedly with r e s p e c t to 
frequency of overland flow, and supply of f i n e s f o r stream 
sediment t r a n s p o r t . S i n c e s o i l and v e g e t a t i o n types are 
c l o s e l y a s s o c i a t e d i n the Narrator catchment they can be 
combined i n t o t h r e e major v e g e t a t i o n / s o i l u n i t s : f o r e s t / 
brown e a r t h (11.3% of t o t a l catchment a r e a ) , g r a s s l a n d / 
brown e a r t h (18.6%) and moorland/stagnopodsol (68.0%) 
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( f i g 2.7; Table 2.3). The remaining 2.1% of the c a t c h -
ment area c o n s i s t s of h i l l and v a l l e y marshes. 
At p r e s e n t the most widespread land use on Dartmoor 
as a whole, as w i t h i n the N a r r a t o r catchment, i s stock 
r e a r i n g (Roberts 1970), L i v e s t o c k i n c l u d e s hardy b l a c k -
faced sheep and Galloway c a t t l e together with Dartmoor 
ponies. Arable farming, although a t one time important 
around the lower margins of Dartmoor, d e c l i n e d from the 
turn of the century and almost disappeared a l t o g e t h e r with 
the e s t a b l i s h m e n t of the N a t i o n a l Park i n 1954, Arable 
farming was excluded from the a r e a of the Narrator c a t c h -
ment f o l l o w i n g purchase of the land by the then Plymouth 
Water Corporation i n 1916. The g r a z i n g i n the catchment i s 
f r e e range. Despite t h i s , the i n t e n s i t y of g r a z i n g v a r i e s 
c o n s i d e r a b l y from p l a c e t o p l a c e . C a t t l e and sheep r a r e l y 
veture i n t o the areas which have been invaded by bracken. 
Grass i n areas which are p r e f e r e n t i a l l y grazed can become 
very t h i n . G r e a t e s t damage to v e g e t a t i o n cover i s through 
concentrated trampling a t s p e c i f i c - s i t e s such as gaps i n 
w a l l s and stream c r o s s i n g s but these are s m a l l i n e x t e n t 
and few i n number. However, accor d i n g to Lusby (1963) 
g r a z i n g can promote higher sediment y i e l d s through reduc-
t i o n i n s o i l i n f i l t r a t i o n c a p a c i t y and corresponding i n -
c r e a s e i n overland flow even without any a p p r e c i a b l e damage 
to v e g e t a t i o n cover. The p r a c t i c e of f i r i n g the moorland 
to improve the q u a l i t y of the g r a z i n g can a l s o have severe 
r e p e r c u s s i o n upon r a t e s of s o i l l o s s and catchment s e d i -
ment y i e l d . These e f f e c t s have been documented, f o r 
example, i n the North Y o r k s h i r e Moors (Imeson 1971b). 
Burning l a s t o ccurred i n the Narrator catchment i n 1969 
over a s m a l l a r e a i n the north e a s t e r n corner of the c a t c h -
ment. At the time of the p r e s e n t r e s e a r c h , the moorland 
v e g e t a t i o n i n t h i s area was completely regenerated. 
The expansion of f o r e s t r y on Dartmoor i n the i n t e r -
war p e r i o d was based upon a b e l i e f i n Dartmoor's importance 
as a softwood growing area (Roberts 1970). A f f o r e s t a t i o n 
i s c l o s e l y l i n k e d to e x p l o i t a t i o n of water r e s o u r c e s on 
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Dartmoor and to the supposed b e n e f i c i a l e f f e c t s of c o n i -
ferous f o r e s t upon water q u a l i t y (Leyton e t a l 1967). The 
g r e a t e r p a r t of commercial f o r e s t on Dartmoor l i e s w i t h i n 
r e s e r v o i r catchments. A s s o c i a t e d with a f f o r e s t a t i o n has 
been the c r e a t i o n of drainage channels and f o r e s t r y roads 
which can be expected to have some impact upon catchment 
p r o c e s s e s , p a r t i c u l a r l y i n r e l a t i o n to runoff generation 
and sediment supply. P a i n t e r e t a l (1974) r e p o r t a l a r g e 
i n c r e a s e i n sediment y i e l d from a Mid-Wales catchment 
f o l l o w i n g a f f o r e s t a t i o n , which they a t t r i b u t e p r i m a r i l y to 
c r e a t i o n of f o r e s t drainage channels. 
Dartmoor i s growing i n importance as a r e c r e a t i o n a l 
a r e a . R e c r e a t i o n a l a c t i v i t i e s tend to be confined to 
s p e c i f i c a r e a s ; p e d e s t r i a n movement away from roads i s 
very low (Roberts 1970). The B a r r a t o r R e s e r v o i r i s a 
major a t t r a c t i o n s i n c e i t i s c l o s e to Plymouth and i s 
r e a d i l y a c c e s s i b l e . N e v e r t h e l e s s , r e l a t i v e l y few v i s i t o r s 
s t r a y i n t o the N a r r a t o r catchment and t h e i r conbined 
i n f l u e n c e upon catchment processes, i s probably very s m a l l . 
2.6 Climate and p e r i o d of observation 
Dartmoor i s c h a r a c t e r i s e d by high r a i n f a l l , g e n e r a l l y 
high humidity, moderate temperature, high amounts of c l o u d 
cover, and frequent h i l l fog ( P e r k i n s 1970). The 50 y e a r 
mean annual p r e c i p i t a t i o n recorded a t the Redstone r a i n 
gauge s i t e maintained by the South West Water A u t h o r i t y 
1 km to the S.W. of the catchment i s 1 568 mm. D i s t r i -
bution of p r e c i p i t a t i o n through the year d i s p l a y s a marked 
s e a s o n a l i t y . The w e t t e s t p e r i o d i s i n autumn and e a r l y 
w inter when mean monthly t o t a l s exceed 150 mm and the d r i e s t 
p e riod i s i n s p r i n g and e a r l y summer with mean monthly 
t o t a l l e s s than 100 mm. Snowfall o c c u r s on average over 
Dartmoor on about 15 to 20 days i n the year ( P e r k i n s 1970), 
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Observations were undertaken i n the N a r r a t o r c a t c h -
ment over an u n i n t e r r u p t e d p e r i o d from the 26th May 1975 
to 13th December 1976 t o t a l l i n g 81 weeks. T h i s p e r i o d 
as a whole witnessed a marked departure from the c l i m a t i c 
norm for Dartmoor. I t was very much d r i e r than normal 
c o n s t i t u t i n g an unprecedented drought over much of the 
p e r i o d . T o t a l p r e c i p i t a t i o n over the a r e a of the 
Narrator catchment f o r t h i s p e r i o d of approximately a year 
and a h a l f i s 1 907 mm. T h i s does not f a l l g r e a t l y s h o r t 
of the expected p r e c i p i t a t i o n of around 2 550 mm f o r a 
p e r i o d of t h i s d u r a t i o n . T o t a l p e r i o d p r e c i p i t a t i o n , how-
ever, hides s h o r t e r p e r i o d s which experienced extreme 
d e f i c i t s i n expected p r e c i p i t a t i o n ( f i g 2.8)'. P r e c i p i t a -
t i o n during the p e r i o d as a whole r e p r e s e n t e d a marked 
ac c e n t u a t i o n of the s e a s o n a l i t y i n p r e c i p i t a t i o n which 
c h a r a c t e r i s e s Dartmoor i n normal y e a r s . While autumn pre-
c i p i t a t i o n i n 1975 and 1976 was c l o s e to the 50 year 
average, summer p r e c i p i t a t i o n dropped c o n s i d e r a b l y below 
the 50 year average ( f i g 2 . 8 ) . Although i n c u r s i o n of 
s u b - t r o p i c a l p r e s s u r e systems l a s t i n g f o r p e r i o d s of up 
to s e v e r a l days i s a c h a r a c t e r i s t i c f e a t u r e of summer 
weather i n South West England, i n the summers of 1975 and 
1976 s u b - t r o p i c a l highs over B r i t a i n as a whole became 
e x t r a o r d i n a r i l y p e r s i s t e n t ( K e l l y & Wright 1978), During 
these two summers long p e r i o d s e l a p s e d without any .measur-
able r a i n f a l l . No r a i n f a l l was recorded, f o r example, 
over the p e r i o d 20/7/76 to 28/8/76. The drought opened 
in the South West i n the e a r l y summer of 1975 f o l l o w i n g a 
wetter than average w i n t e r . T o t a l p r e c i p i t a t i o n f o r the 
months of May and June 1975 was only 34.5% of the 50 year 
average for these months. By J u l y stream water l e v e l s 
i n the South West had dropped to t h e i r lowest on r e c o r d 
and s e v e r a l ran dry f o r the f i r s t time i n l i v i n g memory. 
In l a t e summer and e a r l y autumn p r e c i p i t a t i o n recovered to 
near normal but t h i s was s h o r t - l i v e d and o v e r a l l the 
winter of 1975/76 turned out to be an u n u s u a l l y dry one. 
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i n comparison to the 50 year average 
T o t a l p r e c i p i t a t i o n f o r the 6 month period October 1975 
to March 1976 was only 54.1% of .the 50 year average f o r 
t h i s p e r i o d . The summer of 1976 which followed proved 
to be even d r i e r than the previous summer. T o t a l p r e -
c i p i t a t i o n for the 5 month p e r i o d A p r i l to August 1976 
was e q u i v a l e n t to only 32.6% of the 50 year average f o r 
t h i s p e r i o d . The r e c u r r e n c e i n t e r v a l of a drought of 
such s u s t a i n e d i n t e n s i t y i s l e s s than one i n a thousand 
y e a r s (C.W.P.U. 1976) . 
The drought ended i n the autumn of 1976 as suddenly 
as i t a r r i v e d with the h i g h e s t autumn f a l l s i n Great 
B r i t a i n s i n c e r e c o r d s began i n 1727 (Walling 1978). T o t a l 
r a i n f a l l f o r the two months September and October 1976 i n 
the Narrator catchment was 57.9% above the 50 year mean. 
T h i s whole p e r i o d of m e t e o r o l o g i c a l extremes a l s o i n -
cluded some u n u s u a l l y i n t e n s e r a i n storms r e s u l t i n g from 
c o n v e c t i v e a c t i v i t y a s s o c i a t e d with the s u b - t r o p i c a l 
weather systems which predominated during t h i s p e r i o d . For 
one such event, on the 7th J u l y 1975 more than 25 mm f e l l 
i n a s i n g l e hour, again breaking a l l p r e v i o u s r e c o r d s . * 
Snowfall during the p e r i o d of o b s e r v a t i o n was l e s s 
than u s u a l . Moderate f a l l s i n l a t e January and e a r l y 
February 1976 r e s u l t e d i n a c o v e r i n g of snow on the c a t c h -
ment, averaging about 10 cm i n depth. T o t a l c o n t r i b u t i o n 
by snow-melt to runoff over the p e r i o d as a whole i s l e s s 
than 1%. . . 
Although the N a r r a t o r catchment may be regarded as 
broadly r e p r e s e n t a t i v e of the region of Dartmoor G r a n i t e , 
the q u e s t i o n i n e v i t a b l y a r i s e s as to what extent the 
period of o b s e r v a t i o n can be regarded as r e p r e s e n t a t i v e of 
the long term. Input and output t o t a l s f o r t h i s p e r i o d 
c l e a r l y cannot be r e a l i s t i c a l l y equated w i t h long term 
means. On the p o s i t i v e s i d e , the extreme weather con-
d i t i o n s over the p e r i o d of o b s e r v a t i o n ensured a wide range 
i n v a l u e s f o r hydrometeorological v a r i a b l e s i n c l u d i n g storm 
period p r e c i p i t a t i o n t o t a l s , p r e c i p i t a t i o n i n t e n s i t y and 
catchment wetness. Few storm events i n the r e c e n t p a s t 
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or near f u t u r e are l i k e l y to have v a l u e s f o r these 
v a r i a b l e s o u t s i d e t h i s range. Consequently, e m p i r i c a l 
equations r e l a t i n g hydrometeorological v a r i a b l e s to s e d i -
ment and s o l u t e t r a n s p o r t during the p e r i o d of observa-
t i o n can be employed with confidence to p r e d i c t sediment 
and s o l u t e t r a n s p o r t from r a i n f a l l and runoff r e c o r d s 
beyond t h i s p e r i o d of c a l i b r a t i o n . I n t h i s way long term 
r a i n f a l l and runoff r e c o r d s f o r the Nar r a t o r catchment can 
be used to determine long term mean f l u v i a l t r a n s p o r t r a t e s , 
when such r e c o r d s become a v a i l a b l e . 
2.7 Channel c h a r a c t e r i s t i c s 
The e x t e n t and composition of the channel network i n 
a catchment can have an important i n f l u e n c e upon y i e l d of 
sediment. Ephemeral channels, which i n the Nar r a t o r 
catchment i n c l u d e drainage d i t c h e s and landrover t r a c k s as 
w e l l as n a t u r a l channels, can become an important source 
of sediment when they are occupied by stream flow. 
A l l t r i b u t a r y channels of the Narrator Brook, both 
p e r e n n i a l and ephemeral, were surveyed i n the f i e l d during 
baseflow i n the summer of 1975. The channel network of 
the Narrator catchment which emerges from f i e l d survey i s 
more e x t e n s i v e and v a r i e d i n composition than appears on 
l a r g e s c a l e topographic maps of the catchment. On the 
1:10 560 Ordnance Survey map of the N a r r a t o r catchment, 
which i s the l a r g e s t s c a l e topographic map a v a i l a b l e , the 
Narrator Brook appears as a second order stream with 8 
f i r s t order t r i b u t a r i e s . F i e l d survey l i f t e d the 
Narrator Brook to f o u r t h order with 4 t h i r d order t r i b u -
t a r i e s , 14 second order t r i b u t a r i e s and 44 f i r s t order 
t r i b u t a r i e s ( f i g 2 ,9). 
I t became c l e a r from the f i e l d survey t h a t the channel 
network has been g r e a t l y i n f l u e n c e d by human a c t i v i t y , 
p a r t i c u l a r l y m i n e r a l e x p l o i t a t i o n and a f f o r e s t a t i o n . 
Springs i s s u i n g from two of the mine s h a f t s i n the c a t c h -
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F i g . 2.9 Drainage net i n the Narrator catchment 
ment no u r i s h t r i b u t a r y streams (South Fork and Deancombe 
Brook - f i g 2.9). At two l o c a t i o n s , between S t s 19 and 
20, the main stream d i v i d e s and r e j o i n s . These may be 
d i v e r s i o n s made by p r o s p e c t o r s to f a c i l i t a t e t i n stream-
ing o p e r a t i o n s . The channel network has been expanded by 
the e x c a v a t i o n of s e v e r a l a r t i f i c i a l t r i b u t a r y channels, 
together t o t a l l i n g 1 km i n length, to improve drainage i n 
the a r e a of the catchment under c o n i f e r o u s f o r e s t p l a n t a -
t i o n . For the f i n a l 250 m of i t s course the Narrator Brook 
i t s e l f flows through an a r t i f i c i a l channel. The purpose 
of t h i s i s to d i v e r t the Nar r a t o r Brook through the Head 
Weir gauging s i t e which i s run by the South West Water 
A u t h o r i t y to monitor i n f l o w to the B u r r a t o r R e s e r v o i r . 
Some s e c t i o n s of the landrover t r a c k s which run through the 
f o r e s t p l a n t a t i o n i n the Narrator catchment support s u r f a c e 
runoff during wet pe r i o d s and become inc o r p o r a t e d i n t o the 
drainage net. From f i e l d evidence, i n c l u d i n g r i l l s and 
sand b a r s , these s e c t i o n s of f o r e s t t r a c k were mapped and 
are i n c l u d e d i n f i g 2,9. 
A l a r g e proportion of the drainage net (27%) i s ephe-
meral i n c l u d i n g a l l the f o r e s t r y t r a c k s and the m a j o r i t y of 
the a r t i f i c i a l channels ( t a b l e 2.4). Ephemeral channels 
can become an important source of stream sediment. F i n e 
m a t e r i a l which accumulates i n the channels during dry p e r i o d s 
i s f l u s h e d out when next the channels are occupied by water. 
Table 2,4 Composition of the drainage net i n the Na r r a t o r 
catchment ( f i g u r e s i n Km). 
P e r e n n i a l Emphemeral T o t a l 
N a t u r a l .channels 6.45 1.05 7.50 
A r t i f i c i a l c h a n n e l s 0.75 1.04 1.79 
T r a c k s O 0.59 0,59 
T o t a l 7.20 2.68 9.88 
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Ephem.eral streams i n c l u d e d i n f i g 2.9 are l i m i t e d to recog-
n i s a b l e channels which have breached the t u r f , although i t 
has been observed t h a t during prolonged heavy r a i n streams 
of water flowing on t u r f a l s o c o n t r i b u t e to t r i b u t a r y 
c h annels. The d i s t i n c t i o n between emphemeral and 
p e r e n n i a l channels i s t r a n s i e n t s i n c e stream networks ex-
pand and c o n t r a c t a c c o r d i n g to hydrometeorological c o n d i -
t i o n s (Gregory & Wa l l i n g 1968). During the dry summer 
of 1975 when the f i e l d survey was conducted d i s c h a r g e from 
the N a r r a t o r catchment was even lower than a t the heig h t of 
the record breaking summer drought i n August 19 76., 
Streams s t i l l running a t the time of the survey, t h e r e f o r e , 
can be regarded f o r a l l p r a c t i c a l purposes as being t r u l y 
p e r e n n i a l . 
I n a d d i t i o n to channels, the drainage net a l s o 
i n c l u d e s s e v e r a l marshes which support t r i b u t a r y streams 
( f i g 2 .9). Research i n other catchments has r e v e a l e d t h a t 
marshes have an important i n f l u e n c e upon both stream run-
o f f (Bay 1969) and stream s o l u t e s ( K e l l e r 1973). Also 
i n c l u d e d i n f i g 2.9 are major c a t t l e c r o s s i n g p o i n t s which 
occur a t ten l o c a t i o n s w i t h i n the channel network. At 
these l o c a t i o n s damage to stream banks and d i s t u r b a n c e of 
stream bed may provide a source of sediment. 
Channel c h a r a c t e r i s t i c s are c l o s e l y i n t e r r e l a t e d w i t h 
both sediment supply and t r a n s p o r t e f f i c i e n c y . The 
channel p r o f i l e , planform and geometry of the e n t i r e main 
stem of the Narrator Brook were surveyed i n d e t a i l . Re-
s u l t s are summarized i n Appendix 1, t a b l e 2.5, and f i g s 
2.10, 2.11 and 2.12. The main stream channel i s 3.46 km 
in length of which 0.19 km i s ephemeral. The long p r o f i l e 
of the Narrator Brook can be d i v i d e d i n t o f i v e c l e a r l y 
d efined s e c t i o n s of unequal length, t h r e e s e c t i o n s of g e n t l e 
g r a d i e n t (1,3 and 5) separated by two steeper s e c t i o n s 
(2 and 4) ( f i g 2.10). Changes i n planform and geometry 
along the Narrator Brook correspond q u i t e c l o s e l y to g r a d i e n t 
so t h a t i n terms of these c h a r a c t e r i s t i c s a l s o the f i v e 
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Table 2.5 Channel c h a r a c t e r i s t i c s of the Narrator Brook 
d i v i d e d i n t o s i x stream s e c t i o n s (see f i g 2. 
S e c t i o n 
stream 
S e c t i o n 
Length(m 
Mean Stream 
S e c t i o n 
) Gradient(m/km) 
Mean Stream 
S e c t i o n 
S i n u o s i t y 
Mean Stream 
S e c t i o n 
Width/Depth 
R a t i o 
Stream source 
1 630 26.9 1.12 3.9 
2 890 84.5 1 .07 7.5 
3 360 27.6 1.13 7.3 
4 240 52.5 1 .03 10.2 
5 A 350 17.9 1.29 6.2 
B 1 000 15.9 1.08 18.5 
Catchment exit 
s e c t i o n s are q u i t e d i s t i n c t , except f o r the lower p a r t of 
s e c t i o n 5 ( s e c t i o n 5B) which appears anomalous ( t a b l e 2 . 5 ) . 
S e c t i o n s 1, 3 and 5A have low g r a d i e n t s ; 26.9, 27.6 and 
17.9 m/km r e s p e c t i v e l y , compared to 84.5 and 52,5 m/km f o r 
s e c t i o n s 2 and 4. These low g r a d i e n t channel s e c t i o n s are 
c h a r a c t e r i s t i c a l l y narrow and sinuous. Average s i n u o s i t y 
v a l u e s f or the s e c t i o n s 1, 3 and 5A (1.12, 1.13 and 1.29 
r e s p e c t i v e l y ) a l l exceed corresponding v a l u e s f or the two 
steep s e c t i o n s (1.07 and 1.03). S i m i l a r l y average width/ 
depth r a t i o s f o r the three low g r a d i e n t , s e c t i o n s (3.9, 
7.3, and 6.2) are lower than f or the two steep s e c t i o n s 
(7.5 and 10.2). T h i s tendency towards a narrow sinuous 
channel form i n the low g r a d i e n t s e c t i o n s i s accentuated i n 
s e c t i o n 1 by the marshy c o n d i t i o n s bordering the channel 
( f i g 2.11). The channel i s l i n e d by Sphagnum which 
p r o t e c t s the banks from e r o s i o n and main t a i n s a narrow deep 
c r o s s - s e c t i o n . The st e e p e r s e c t i o n s (2 and 4) are 
c h a r a c t e r i s e d by wide channels of low s i n u o s i t y . These 
channel s e c t i o n s are t y p i c a l l y l i t t e r e d with boulders rang-
ing up to over a metre i n diameter and w a t e r f a l l s over a 
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metre i n height are common. 
S e c t i o n 5B c o i n c i d e s w i t h the c o n i f e r o u s f o r e s t p l a n -
t a t i o n i n the Narrator catchment. Although t h i s s e c t i o n 
has a very s i m i l a r g r a d i e n t to s e c t i o n 5A (15.9 m/km com-
pared to 17.9 m/km), there are marked c o n t r a s t s i n planform 
and geometry ( t a b l e 2.4). S e c t i o n 5B has a lower s i n u o s i t y 
than s e c t i o n 5A (1.08 compared to 1.29), combined with a 
higher width/depth r a t i o (18,5 compared to 6,2). There i s 
a l s o an unusual frequency of eroding banks and g r a v e l b a r s 
along s e c t i o n 5B compared with other s e c t i o n s ( f i g 2.11). 
These anamolies are r e l a t e d and can be d i r e c t l y a t t r i b u t e d 
to the a f f e c t s of a f f o r e s t a t i o n . T h i s i s d i s c u s s e d i n 
f u r t h e r d e t a i l i n Chanter 4. 
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CHAPTER 3 
RESEARCH METHODS 
3.1 F i e l d methods 
3.1.1 Precipitation Measurements 
P r e c i p i t a t i o n input to the N a r r a t o r catchment i s moni-
tored by a network of four autographic rain-gauges ( f i g 3.1) 
Number 1 gauge (Head Weir) i s l o c a t e d c l o s e to the c a t c h -
ment o u t f a l l ; number 2 (Combeshead) i s i n the v a l l e y bottom 
near the c e n t r e of the catchment; and numbers 3 (Down Tor) 
and 4 (Yellowmead) are r e s p e c t i v e l y on the higher northern 
and southern f l a n k s of the catchment- I n a d d i t i o n to p r e -
c i p i t a t i o n t o t a l s , s i n c e the gauges are autographic they a l -
so provide data r e l a t i n g to the timing of storm events t o -
gether with t h e i r d u r a t i o n s and i n t e n s i t i e s . A l l four 
gauges f u n c t i o n on the siphon p r i n c i p l e ; number 1 i s a 
t i l t i n g siphon gauge while the remaining three are n a t u r a l 
siphon gauges ( p l a t e s 3,1 and 3,2).' The n a t u r a l siphon 
gauges, numbers 2, 3 and 4, siphon a t i n t e r v a l s of 25 mm 
p r e c i p i t a t i o n which permits e s t i m a t i o n of c a t c h e s to w i t h i n 
0,5 mm. Number 1 gauge has a g r e a t e r siphon frequency 
(every 5 mm) and accuracy to 0.1 mm p r e c i p i t a t i o n c a t c h i s 
p o s s i b l e . A l l operate on a weekly c y c l e and w h i l s t t h i s 
i s the most convenient arrangement for the changing of 
c h a r t s i t r e s u l t s i n some l o s s of d e t a i l . Obtaining storm 
period t o t a l s or mean i n t e n s i t i e s p r e s e n t s no problems, but 
t o t a l s f o r p e r i o d s l e s s than two hours cannot be r e l i a b l y 
a b s t r a c t e d and t h i s imposes some l i m i t a t i o n s p a r t i c u l a r l y 
i n r e l a t i o n to d e t a i l e d modelling of catchment sediment dy-
namics. The dense rain-gauge network i n the Narrator catch' 
ment was c o n s i d e r e d n e c e s s a r y i n order to determine the ex-
t e n t to which p r e c i p i t a t i o n v a r i e s s p a t i a l l y w i t h i n the 
catchment, and a l s o to provide a safeguard a g a i n s t mal-
f u n c t i o n or non-operation of one or more of the gauges. The 
gauges are v u l n e r a b l e to adverse weather c o n d i t i o n s . During 
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DOWN TOR 
A C O M B ^ E A D TOR 
EYLESBARROW 
S H E E R S TOR 
^ Manual sampling site with staff gauge 
® Autographic rain gauge 
C Automatic gauging and sampling station 
• Crest stage soil well 
O Bedload trap 
in 
Sub-catchment boundary k i l o m e t r e 
F i g . 3.1 Instriim.entation i n the Narrator catchment 
P l a t e 3.1 Rain gauge s i t e 1 (Head W e i r ) . Adjacent to the raingauge 
i s the bulk f a l l o u t c o l l e c t o r , complete with nylon mesh. 
P l a t e 3.2 Rain gauge s i t e 4 (Yellowmead) with fenced e n c l o s u r e . I n 
the background, beneath a t h i n c o v e r i n g of snow, are Down 
Tor on the l e f t and Combeshead Tor on the r i g h t . 
winter months, a prolonged p e r i o d of r a i n d i l u t i n g the 
a n t i f r e e z e i n the f l o a t chamber, immediately followed by 
f r e e z i n g temperatures, has t e m p o r a r i l y put rain-gauges out 
of a c t i o n on more than one o c c a s i o n . Vandalism by v i s i t o r s 
to the catchment a l s o proved to be a problem. For two of 
the t o t a l of 81 weeks of o b s e r v a t i o n only one r a i n gauge was 
o p e r a t i v e and i f there had been any l e s s than a t o t a l of 
four gauges a break i n the p r e c i p i t a t i o n r e c o r d could have 
been i n c u r r e d . 
Measurement of r a i n f a l l i s s u b j e c t to many d i v e r s e 
e r r o r s a r i s i n g l a r g e l y from s i t i n g and i n s t a l l a t i o n of 
gauges so t h a t t h e r e may be a l a r g e d i s c r e p a n c y between 
gauge c a t c h and a c t u a l p r e c i p i t a t i o n (Rodda 1967, Neff 
1977). Despite t h i s , even though the degree of exposure 
v a r i e s c o n s i d e r a b l y a t the gauge s i t e s i n the Narrator 
catchment, re c o r d s f o r the four gauges d i s p l a y e d a marked 
degree of c o n s i s t e n c y . T o t a l c a t c h f o r each of the gauges 
fo r the pe r i o d of o b s e r v a t i o n as a whole d e v i a t e d by no 
more than 8.5% from the mean f o r the four gauges ( t a b l e 
3.1). A l a r g e proportion of t h i s v a r i a t i o n i s undoubtedly 
due to measurement e r r o r s . These r e s u l t s suggest t h a t p r e -
c i p i t a t i o n i n the Nar r a t o r catchment i s r e l a t i v e l y uniform 
and does not vary i n any s y s t e m a t i c .way with a l t i t u d e , a l -
though exposure d i f f e r e n c e s may be g i v i n g an underestimate 
of p r e c i p i t a t i o n a t upland s i t e s ( s i t e s 3 and 4 ) . From 
Table 3.1 P r e c i p i t a t i o n r e c e i v e d a t four gauges w i t h i n 
the N a r r a t o r catchment f o r the pe r i o d 26/5/75 
to 13/12/76 (See f i g 3.1 f o r gauge l o c a t i o n s ) 
Gauge No. 1 2 3 4 Mean 
T o t a l c a t c h (mm) 1876 2070 1880 1801 1907 
Percentage d e v i a t i o n 
from mean 1.6 8.5 1.4 5.6 
Gauge a l t i t u d e ( m ) 220 271 328 294 
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these c o n s i d e r a t i o n s an a r e a l weighting method of computing 
t o t a l catchment p r e c i p i t a t i o n input was not considered 
n e c e s s a r y and i n s t e a d a simple mean of re c o r d s a t the four 
s i t e s was adopted. Mean storm period i n t e n s i t i e s and other 
hydrometeorological parameters were a l s o obtained by a mean 
of the four gauge r e c o r d s . 
3.1.2 Stream Gauging 
The main gauging s i t e , l o c a t e d a t the catchment e x i t , 
was equipped to monitor r u n o f f , together with y i e l d of 
sediment and s o l u t e s from the Narrator catchment as a whole 
Although geology and gross c l i m a t e are r e l a t i v e l y uniform 
over the Narrator catchment, t h e r e are three c o n t r a s t i n g 
v e g e t a t i o n / s o i l types p r e s e n t : c o n i f e r o u s forest/brown 
e a r t h , grassland/brown e a r t h and moorland/stagnopodsol. I n 
order to e v a l u a t e the i n d i v i d u a l e f f e c t of each of these 
upon catchment hydrology, the Narrator catchment was d i -
vided i n t o a s e r i e s of three nested sub-catchments by e s -
t a b l i s h i n g two a d d i t i o n a l autographic gauging s i t e s on the 
Narr a t o r Brook a t i n t e r v a l s of 900 m and 2 213 m upstream 
from the catchment e x i t ( S t s 11 and 21 - f i g 3.1). I t 
could not be expected t h a t sub-catchment d i v i d e s would co-
i n c i d e e x a c t l y with v e g e t a t i o n and s o i l boundaries. T h i s 
r u l e s out the u n i t source a r e a approach advocated by Doty 
& C a r t e r (1965) i n which i n d i v i d u a l catchment a r e a s are 
chosen to be uniform i n terms of p h y s i c a l c h a r a c t e r i s t i c s 
i n order to f a c i l i t a t e i n t e r p r e t a t i o n of inter-catchment 
v a r i a t i o n s i n runoff and sediment y i e l d . However each 
sub-catchment of the Nar r a t o r Brook c o n t a i n s a d i f f e r i n g 
p roportion of the three major v e g e t a t i o n / s o i l types 
i d e n t i f i e d i n the Narrator catchment and r e s u l t s can be 
i n t e r p r e t e d on t h i s b a s i s ( f i g 2.7, t a b l e 3.2). T h i s 
approach i s f a c i l i t a t e d by the sharp boundaries between 
v e g e t a t i o n and s o i l types i n the catchment and a l s o by 
t h e i r d i s t r i b u t i o n . They succeed each other from e a s t to 
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Table 3.2 P h y s i c a l c h a r a c t e r i s t i c s of three nested sub-
catchments of the N a rrator Brook. 
Catchment Area Above St 21 S t 11 St 1 
Drainage Area (Km' ) " 1 .56 3.67- 4.68 
MAJOR VEGETATION/SOIL TYPES 
Moorland/stagnopodsol (%) 99.0 81.7 69.8 
Grassland/brown e a r t h (%) l.O 16.4 18.7 
C o n i f e r o u s forest/brown e a r t h ( % ) 0 1 .9 11.5 
PHYSIOGRAPHY 
Mean A l t i t u d e (m) 388 350 334 
Mean Slope (°) 5.8 7.6 8.0 
Drainage D e n s i t y (m/Km') 89 150 206 
Aspect: Western quadrant (%) 82 67 52 
E a s t e r n quadrant (%) 10 8 7 
Northern quadrant (%) 0 12 18 
Southern quadrant (%) 8 13 23 
west down the a x i s of the catchment so t h a t the Narrator 
Brook passes through each i n t u r n . By p l a c i n g the two 
a d d i t i o n a l gauging s t a t i o n s as c l o s e as c o n d i t i o n s a l l o w 
to the i n t e r s e c t i o n of the boundaries of the three v e g e t a t -
i o n / s o i l types with the stream, v a r i a t i o n i n the propor-
t i o n of each among the sub-catchments i s maximised. 
I n addition' to v a r i a t i o n s i n the r e l a t i v e proportion of s o i l 
and v e g e t a t i o n types between sub-catchments, t h e r e are a l s o 
a p p r e c i a b l e p h y s i o g r a p h i c v a r i a t i o n s which complicate i n t e r -
p r e t a t i o n to some degree ( t a b l e 3.2), 
One c o n s i d e r a b l e advantage of instrumenting s e v e r a l 
s m a l l catchments w i t h i n a confined a r e a i s t h a t hydrometeo-
r o l o g i c a l c o n d i t i o n s and catchment i n p u t s can be assumed to 
be uniform and consequently outputs from each catchment can 
be d i r e c t l y compared even over s i n g l e f l o o d events (Parsons 
e t a l 1964). O r d i n a r i l y , comparisons can only be made on 
the b a s i s of mean annual outputs, or e l s e by long term c a l i -
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b r a t i o n s of outputs against, s e l e c t e d hydrometeorological 
v a r i a b l e s . With t h i s system of nested sub-catchments any 
downstream changes i n r u n o f f , sediment and s o l u t e y i e l d s 
recorded a t the three gauging s i t e s along the Narrator 
Brook, may be r e f e r r e d d i r e c t l y to v a r y i n g v e g e t a t i o n ^ s o i l 
and topographic c h a r a c t e r i s t i c s between sub-catchments. 
While the gauging s t a t i o n s were l o c a t e d as c l o s e as 
p o s s i b l e to the i n t e r s e c t i o n of v e g e t a t i o n and s o i l bound-
a r i e s with the stream, the p r e c i s e l o c a t i o n s were governed 
by the p r a c t i c a l requirements of stream gauging with r e s p e c t 
to a v a i l a b i l i t y of s u i t a b l e channel s e c t i o n s . Channel 
s e c t i o n s a t a l l t h r e e s i t e s are s t r a i g h t and f r e e from ob-
s t r u c t i o n s so t h a t v e l o c i t y d i s t r i b u t i o n s w i t h i n the s e c -
t i o n s are r e g u l a r , thus f a c i l i t a t i n g a c c u r a t e d i s c h a r g e de-
t e r m i n a t i o n s by the a r e a - v e l o c i t y method. H y d r a u l i c geo-
metry at the chosen s e c t i o n i s such t h a t even a t the lowest 
flows both depth and v e l o c i t y are s u f f i c i e n t to permit 
c u r r e n t meter measurements. At each s i t e sheets of f i b r e 
g l a s s or marine plywood were e r e c t e d v e r t i c a l l y a g a i n s t the 
stream banks to c r e a t e f l u m e - l i k e s t r u c t u r e s ( p l a t e s 3.3 -
3.8). T h i s s t a b i l i z e s the channel by preventing bank 
e r o s i o n and a l s o maintains a r e c t a n g u l a r c r o s s - s e c t i o n 
throughout the range of f l o w s . I n t h i s way the s t a g e / d i s -
charge r e l a t i o n or r a t i n g curve i s improved so t h a t p r e d i c -
t i o n of stream d i s c h a r g e from stage r e c o r d s becomes more r e -
l i a b l e . P r o v i d i n g channel width remains constant with 
changing stage^the r e l a t i o n between stage and d i s c h a r g e i s 
l i n e a r when both are log-transformed and t h i s permits t e n -
t a t i v e e x t r a p o l a t i o n of the r e l a t i o n i n order to e s t i m a t e 
flows beyond the range of f i e l d r a t i n g s ( L i n s l e y e t a l 1949) 
Despite r e g u l a r i z a t i o n of the c r o s s - s e c t i o n s , r a t i n g c u r v e s 
for the t h r e e gauging s i t e s s t i l l d i s p l a y some degree of 
s c a t t e r which could be the r e s u l t of v a r y i n g scour and f i l l 
on the stream bed, d i s p a r i t i e s i n water s u r f a c e slope and 
d i s c h a r g e for a given stage between r i s i n g and f a l l i n g limbs 
of the hydrograph, or to the changing c h a r a c t e r of bed 
m a t e r i a l a f f e c t i n g channel roughness and stream v e l o c i t y 
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_ sampler. 
P l a t e 3.5 Gauging s i t e a t St 11 (view upstream) 
P l a t e 3.6 Recording equipment a t St 11, i n c l u d i n g Ott water l e v e l 
r e c o r d e r and automatic vacuum operated stream sampler. 
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P l a t e 3.7 Gauging s i t e a t St 21 (view downstream) 
i 
P l a t e 3.8 Recording equipment a t St 21 i n c l u d i n g p r e s s u r e bulb type 
water l e v e l r e c o r d e r and automatic vacuum operated stream 
sampler. 
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( f i g 3.2). The r e l a t i v e l y l a r g e standard e r r o r s of the 
r a t i n g r e g r e s s i o n s , 0.08, 0.09 and 0.11 log u n i t s f o r S t s 
1,11 and 21 r e s p e c t i v e l y , mean t h a t e s t i m a t i o n of the 
higher flows by e x t r a p o l a t i o n i s l i k e l y to be s u b j e c t to 
some degree of e r r o r . The proportion of both t o t a l runoff 
and t o t a l s o l u t e y i e l d p a s s i n g the gauging s i t e s a t d i s -
charges g r e a t e r than the h i g h e s t f i e l d r a t i n g i s l e s s than 
5% i n each case so t h a t o v e r a l l the e r r o r i n c u r r e d i n ex-
t r a p o l a t i o n i s not co n s i d e r e d to be s e r i o u s . For sediment 
y i e l d however, t h i s p roportion approaches 10%. T h i s source 
of e r r o r could not be avoided and im p a i r s to some e x t e n t any 
comparison of sediment y i e l d between sub-catchments, par-
t i c u l a r l y when d i f f e r e n c e s are s m a l l . Automatic water 
l e v e l r e c o r d e r s provide a continuous r e c o r d of stream stage 
at the three gauging s t a t i o n s . At S t s 1 and 11 the r e -
cord e r s used are manufactured by Ott. These are of the 
f l o a t and p u l l e y type recommended by the United S t a t e s Geo-
l o g i c a l Survey (Buchanan & Somers 1968). At St 21 a 
p r e s s u r e bulb type r e c o r d e r manufactured by N e g r e t t i and 
Zambra was employed. While t h i s r e c o r d e r i s cheaper to 
purchase and simpler to i n s t a l l , i t proved troublesome and 
u n r e l i a b l e r e s u l t i n g i n the l o s s of s e v e r a l weeks of dat a . 
E s t i m a t i n g baseflow runoff f or p e r i o d s without autographic 
stage r e c o r d a t St 21 was not a problem s i n c e stage changes 
during baseflow are gradual and p r o g r e s s i v e . Runoff 
volumes for those flood p e r i o d s a t St 21 m i s s i n g from the 
stage record were obtained by c a l i b r a t i o n with r e c o r d s a t 
St 11, 1 220 m downstream, based on the pe r i o d over which 
flow record f o r both s i t e s were a v a i l a b l e ( f i g 3.3). The 
r e l a t i o n between storm runoff volumes recorded a t the two 
s i t e s d i s p l a y s a s u r p r i s i n g degree of s c a t t e r c o n s i d e r i n g 
the proximity of the two s t a t i o n s on the same stream. The 
r a t i o of storm runoff f o r the two s t a t i o n s i s not f i x e d 
but v a r i e s according to changing storm p e r i o d r a i n f a l l 
c h a r a c t e r i s t i c s . T h i s can be t r a c e d to the d i f f e r i n g pro-
p o r t i o n s of stagnopodsol and brown e a r t h s o i l types i n the 
sub-catchment a r e a s above S t s 11 and 21 and i s the s u b j e c t 
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f o r - f u r t h e r d i s c u s s i o n i n Chapter 5. 
3.1.3 Stream Sampling Procedure 
I n order to monitor the export of suspended sediment 
and d i s s o l v e d s o l i d s from the three sub-catchments of the 
Narrator Brook, rec o r d s of v a r i a t i o n s i n sediment and 
s o l u t e c o n c e n t r a t i o n at the three gauging s i t e s are r e -
qu i r e d i n a d d i t i o n to flow r e c o r d s . For t h i s purpose r e -
l i a n c e was placed on a scheme i n v o l v i n g stream water samp-
l i n g coupled with l a b o r a t o r y a n a l y s i s . The design of such 
a sampling scheme i s c r i t i c a l and hinges f i r s t l y upon 
whether d i s s o l v e d or suspended s o l i d s are being monitored, 
secondly upon the temporal v a r i a b i l i t y of c o n c e n t r a t i o n s , 
and t h i r d l y upon d i s t r i b u t i o n of c o n c e n t r a t i o n s w i t h i n the 
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channel c r o s s - s e c t i o n . Sampling programmes have to be 
tailor-made to s u i t the s i t u a t i o n and no g e n e r a l r e -
commendations are p o s s i b l e (Guy 1970). The p r e s e n t r e -
search encompasses both d i s s o l v e d and suspended s o l i d s . 
D i s s o l v e d s o l i d s c o n c e n t r a t i o n i s f a r l e s s temporally 
v a r i a b l e than suspended s o l i d s and i s a l s o uniformly d i s -
t r i b u t e d i n the c r o s s - s e c t i o n , thus imposing fewer con-
s t r a i n t s upon the design of a sampling programme. Con-
sequently a sampling programme designed f o r suspended s e d i -
ment w i l l a u t o m a t i c a l l y accommodate a d i s s o l v e d s o l i d s 
sampling programme. 
Being a s m a l l stream the N a r r a t o r Brook i s c h a r a c - . 
t e r i s t i c a l l y " f l a s h y " ; f l o o d p e r i o d s seldom l a s t more than 
24 hours. S i n c e suspended s o l i d s c o n c e n t r a t i o n always 
r i s e s markedly during f l o o d e v e n t s , a l a r g e proportion of 
sediment d i s c h a r g e d by s m a l l streams ..may be t r a n s p o r t e d 
over very b r i e f p e r i o d s ( P i e s t 1965, Rakoczi 1977). 
C r i s p (1966) r e p o r t s t h a t 95% of the annual sediment y i e l d 
of a s m a l l Pennine catchment i s d i s c h a r g e d i n l e s s than 5% 
of the time. T h i s s i t u a t i o n demands a high frequency of 
sampling p r e f e r e n t i a l l y c o n c entrated over s h o r t f l o o d 
p e r i o d s the timing of which cannot be p r e d i c t e d i n advance. 
For the N a r r a t o r catchment which i s some d i s t a n c e from the 
c e n t r e of o p e r a t i o n s a t Plymouth, t h i s n e c e s s i t a t e d the 
adoption of a scheme of automatic remote sampling. For 
t h i s purpose automatic vacuum b o t t l e samplers, which operate 
on a weekly c y c l e , were i n s t a l l e d at each of the gauging 
s i t e s . The sample b o t t l e s are evacuated on s i t e by a 
vacuum pump and a clockwork time mechanism r e l e a s e s the 
vacuum from each i n t u r n a t p r e - s e t i n t e r v a l s so t h a t 
samples are drawn from the stream i n t o b o t t l e s by s u c t i o n . 
As w e l l as the u n i t s being cheap to buy they are independent 
of mains supply, robust and simple to m a i n t a i n . Any minor 
malfunction can be c o r r e c t e d on the spot thus minimising 
l o s s of r e c o r d . Automatic b o t t l e samplers of one k i n d or 
another are standard equipment for water q u a l i t y monitoring 
i n many r e s e a r c h catchments (Witzigman 1962, Hanson 1966, 
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Doty 1970, Walling & Teed 1971, P a i n t e r 1976). The b o t t l e 
samplers i n the Narrator catchment were s e t to d e l i v e r 
three samples d a i l y during the pe r i o d of r e s e a r c h , one 
every e i g h t hours. S i n c e the d u r a t i o n of most floods i n 
the Narrator Brook i s l e s s than 24 hours, t h i s frequency 
of sampling i s inadequate f o r d e f i n i n g sediment c o n c e n t r a -
t i o n v a r i a t i o n s over f l o o d events i n s u f f i c i e n t d e t a i l to 
obta i n a c c u r a t e e s t i m a t e s of t o t a l t r a n s p o r t f o r each event. 
For most sma l l streams sediment t r a n s p o r t i s not d i s t r i -
buted evenly over flood events but i s concentrated i n the 
r i s i n g limb of the hydrograph, which f o r the Narrator Brook 
may be no more than four or f i v e hours i n du r a t i o n even f o r 
the l a r g e s t f l o o d s . For t h i s reason sampling frequency 
on the r i s i n g limb should be g r e a t e r than f o r the f a l l i n g 
limb (Guy & Norman 1970). To supplement the sampling pro-
gramme a s e r i e s of r i s i n g stage samplers were i n s t a l l e d a t 
each gauging s i t e . These were c o n s t r u c t e d from p l a s t i c 
c o n t a i n e r s and tubing based on a design recommended by the 
United S t a t e s G e o l o g i c a l Survey (Guy & Norman 1970) ( f i g 
3.4, p l a t e 3.9). During the r i s i n g stage of a f l o o d , when 
the water l e v e l reaches the crown of the i n t a k e tube, stream 
water i s siphoned i n t o the c o n t a i n e r e x p e l l i n g a i r through 
the exhaust tube. When the l e v e l of water w i t h i n the con-
t a i n e r reaches the base of the exhaust tube siphoning 
c e a s e s and the sample i s preser v e d uncontaminated u n t i l 
c o l l e c t i o n even though the exhaust tube may subsequently 
become submerged. The sample thus obtained r e p r e s e n t s 
stream water a t a stage corresponding to the crown of the 
intake tube, and s e v e r a l samples s e t a t d i f f e r e n t s t a g e s 
can be used to d e f i n e c o n c e n t r a t i o n v a r i a t i o n s over the 
r i s i n g stage of f l o o d s . 
From a combination of the two sampling techniques used 
a t the three gauging s t a t i o n s on the Nar r a t o r Brook, a 
maximum of f i v e samples i s obtained f o r the r i s i n g limb of 
flood events depending on peak stage a t t a i n e d by the f l o o d , 
together with two or three samples during f l o o d r e c e s s i o n 
which are provided by the automatic b o t t l e sampler. T h i s 
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scheme proved adequate to d e f i n e f l o o d c o n c e n t r a t i o n s i n 
s u f f i c i e n t d e t a i l to d e r i v e r e l i a b l e e s t i m a t e s of t o t a l 
t r a n s p o r t of sediment and s o l u t e s f o r i n d i v i d u a l f l o o d 
p e r i o d s . To i n v e s t i g a t e flood p e r i o d c o n c e n t r a t i o n dy-
namics i n more d e t a i l , a high frequency automatic b o t t l e 
sampler was i n s e r v i c e a t the main gauging s i t e at the 
catchment e x i t i n a d d i t i o n to the other sampling equipment 
d e s c r i b e d . T h i s sampler i s s i m i l a r i n most r e s p e c t s to 
the other b o t t l e samplers employed i n the catchment but 
the timing mechanism i s powered by e l e c t r i c i t y s u p p l i e d 
from a re-chargeable b a t t e r y r a t h e r than by clockwork. I t 
i s f i t t e d with a f l o a t s w i t c h t h a t can be s e t a t any d e s i r e d 
stage and i s a c t i v a t e d when water l e v e l i n the stream 
reaches the f l o a t . Once a c t i v a t e d , samples are drawn a t a 
r a t e of one every h a l f hour. The markedly asymmetrical 
form of hydrographs i n the Narrator Brook r e s u l t s i n f a r 
more samples on the f a l l i n g limb obtained i n t h i s way than 
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P l a t e 3.9 Array of r i s i n g stage samplers a t main gauging s i t e . Below 
the lowest sampler I s a submerged c o n t a i n e r f o r c o l l e c t i n g 
suspended sediment. 
P l a t e 3.10 Manual sampling s i t e a t St 4 with s t a f f gauge. 
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on the r i s i n g limb where sediment c o n c e n t r a t i o n v a r i a t i o n s 
are g r e a t e r . For t h i s reason automatic samplers which 
are designed to sample according to increments of changing 
stage r a t h e r than time i n t e r v a l s have proved more e f f e c t i v e 
f o r s m a l l streams (Beverage & Skinner 1968, C l a r i d g e 1973). 
I n a d d i t i o n to automatic sampling, manual samples were 
a l s o c o l l e c t e d a t f o r t n i g h t l y i n t e r v a l s a t 30 sampling 
s t a t i o n s along the N a r r a t o r Brook i n order to a n a l y s e down-
stream v a r i a t i o n s i n baseflow sediment and s o l u t e concen-
t r a t i o n s ( f i g 2.9). Each s t a t i o n i s equipped with a s t a f f 
gauge which i s read a t the time of sampling ( p l a t e 3.10). 
These samples were obtained simply by dipping a wide necked 
polythene sample b o t t l e i n t o the stream. 
Baseflow sediment c o n c e n t r a t i o n s i n the N a r r a t o r Brook 
are g e n e r a l l y below 1 mg/1. At these low c o n c e n t r a t i o n s 
r e s u l t s from automatic b o t t l e samplers proved u n r e l i a b l e 
due to gradual accumulation of sediment p a r t i c l e s i n the 
o r i f i c e of i n t a k e tubes. T h i s sediment then becomes i n -
corporated i n stream samples drawn,through the tubes when 
the sampler i s a c t i v a t e d , r e s u l t i n g i n an over-estimate of 
t r u e ambient stream c o n c e n t r a t i o n . At higher sediment 
c o n c e n t r a t i o n s during f l o o d events the e r r o r from t h i s 
source, i n r e l a t i v e t e r m s , i s minor. 
The sampling programme as a whole thus i n c l u d e s four 
d i s t i n c t sampling t e c h n i q u e s . 
1. Automatic samplers a t S t s 1, 11 and 21 sampling a t 
8 hr i n t e r v a l s w ith i n t a k e s e t a t a f i x e d l e v e l . 
2. Automatic sampler a t St 1 sampling a t i hr i n t e r v a l s 
over flood p e r i o d s w i t h i n t a k e a t a f i x e d l e v e l . 
3. R i s i n g stage samplers a t S t s i , 11 and 21 with i n - , 
takes a t v a r i o u s . l e v e l s . 
4. Manual sampling a t 30 s i t e s during baseflow a t f o r t -
n i g h t l y i n t e r v a l s . 
I n view of the i n c r e a s e i n c o n c e n t r a t i o n of suspended 
sediment with depth i n many streams the q u e s t i o n a r i s e s as 
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to what extent sediment c o n c e n t r a t i o n s d e r i v e d from these 
sampling techniques are comparable and to whaf extent each 
i s a r e f l e c t i o n of a c t u a l mean c o n c e n t r a t i o n i n the stream 
s e c t i o n . Where suspended sediment c o n c e n t r a t i o n s vary to 
any degree i n the stream c r o s s - s e c t i o n a v e l o c i t y weighted 
depth i n t e g r a t e d mean c o n c e n t r a t i o n i s r e q u i r e d before r e -
l i a b l e r a t e s of sediment t r a n s p o r t can be computed (A.S.C.E 
1969a, Guy & Norman 1970). None of the four sampling 
techniques adopted f o r the pre s e n t study are depth i n t e -
g r a t i n g . Moreover, intake v e l o c i t y i n each case d i f f e r s 
from contemporary stream v e l o c i t y . T h i s may give r i s e to 
u n r e p r e s e n t a t i v e samples, p a r t i c u l a r l y where sand s i z e d 
p a r t i c l e s form an a p p r e c i a b l e p r o p o r t i o n of t o t a l suspended 
sediment (Guy & Norman 1970). Suspended sediment samplers 
developed by the United S t a t e s G e o l o g i c a l Survey are de-
signed to overcome both these problems {Guy & Norman 1970). 
Since these samplers are operated manually, they are 
g e n e r a l l y i m p r a c t i c a l f o r smal l streams where temporal 
v a r i a b i l i t y of sediment t r a n s p o r t i s g r e a t . 
Varying c o n c e n t r a t i o n with depth i s more pronounced 
for the l a r g e r sediment p a r t i c l e s ; a c c o r d i n g to a v a i l a b l e 
evidence (Anderson 1942) p a r t i c l e s f i n e r than 175 microns 
appear to be uniformly d i s t r i b u t e d i n n a t u r a l stream c r o s s -
s e c t i o n s . More than 95% of suspended sediment t r a n s p o r t e d 
during baseflow i n the Nar r a t o r Brook i s f i n e r than 175 
microns. I n order to t e s t the e f f i c i e n c y of sampling by 
dipping a b o t t l e i n t o the stream, ten dip samples were 
c o l l e c t e d during baseflow a t S t 4 together w i t h ten samples 
obtained u s i n g a USDH 48 depth i n t e g r a t i n g hand sampler 
( p l a t e 3.11). A l l samples were c o l l e c t e d w i t h i n a p e r i o d 
of 30 minutes. A ' t * t e s t i n d i c a t e s t h a t t h e r e i s no 
d i f f e r e n c e between the two groups of samples ( t a b l e 3.3). 
T h i s endorses r e s u l t s of s i m i l a r t e s t s c a r r i e d out i n 
Russian streams ( L i s i t s y n a & Bogolyubova 1965). During 
storm flow, sediment c o n c e n t r a t i o n s i n the Narrator Brook 
i n c r e a s e and p a r t i c l e s l a r g e r than 175 microns form a 
l a r g e r proportion of suspended load, although t h i s propor-
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P l a t e 3.11 Stream sampling with USDH 48 depth i n t e g r a t i n g hand sampler 
P l a t e 3.12 Bedload tr a p a t main gauging s i t e (streamflow i s from r i g h t 
to l e f t ) . 
t i o n g e n e r a l l y remains below 10%. Due to the f l a s h y 
nature of the stream, i n s u f f i c i e n t data i s a v a i l a b l e from 
the Narrator Brook to permit a comparative a n a l y s i s of 
samples c o l l e c t e d a u t o m a t i c a l l y with samples obtained from 
a manual depth i n t e g r a t i n g sampler. P r e v i o u s s t u d i e s , how-
ever, have i n d i c a t e d t h a t p r o v i d i n g the proportion of pa r -
t i c l e s i n suspension l a r g e r than 100 microns i s below 10%, 
r e s u l t s from both automatic r i s i n g stage samplers and auto-
matic b o t t l e samplers compare s a t i s f a c t o r i l y w i t h manual 
depth i n t e g r a t i n g samplers (Dragoun & M i l l e r 1966, Handa 
e t a l 1966, Welborn 1969, Wal l i n g & Teed 1971). 
Table 3.3 Comparison of suspended sediment c o n c e n t r a t i o n s 
f o r depth i n t e g r a t e d samples w i t h samples ob-
t a i n e d by dipping a b o t t l e i n t o the stream. ( A l l 
samples were c o l l e c t e d during baseflow a t St 11, 
Narr a t o r Brook, 2/7/75, 11:00-11:30 am., i n the 
order i n d i c a t e d by the r e f e r e n c e numbers. Values 
are i n mg/l). 
Depth I n t e g r a t e d Samples B o t t l e Dipped..Samples 
1 0.22 11 0.75 
2 0. 74 12 0.26 
3 0.57 13 0.66 
4 0.63 14 0.53 
5 0.71 15 0.54 
6 0.89 16 0.25 
7 0.91 17 0.65 
8 0.42 18 0.23 
9 0.54 19 0.28 
10 0.28 20 0.84 
Mean 0.59 0.55 
t = 0.40 (not s i g n i f i c a n t ) 
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P o s s i b l e inadequacies i n the sampling scheme d e s c r i b e d 
may have a d v e r s e l y a f f e c t e d the accuracy of r e s u l t s , par-
t i c u l a r l y i n the case of suspended sediment. I n e v i t a b l y , 
p o s s i b l e i n a c c u r a c i e s accrued from sampling and other 
sources impose some c o n s t r a i n t upon i n t e r p r e t a t i o n of r e -
s u l t s . I n the case of d i s s o l v e d s o l i d s , i n t e r p r e t a t i o n 
of r e s u l t s i s not c o n s t r a i n e d to the same degree by l i m i t a -
t i o n s i n sampling t e c h n i q u e s . I n t u r b u l e n t streams, s o l u t e 
c o n c e n t r a t i o n i s uniform through the channel c r o s s - s e c t i o n 
and a sample drawn from any p a r t i s r e p r e s e n t a t i v e of the 
whole (Glover & Johnson 1974). 
3.1.4 Bedload Measurements 
I n a d d i t i o n to stream sampling f o r suspended sediment 
and s o l u t e s , t r a n s p o r t of bedload was a l s o monitored a t the 
main gauging s i t e . The primary purpose of t h i s was to 
obtain t o t a l output of sediment from the Narrator catchment 
and to determine the r e l a t i v e importance of bedload t r a n s -
port i n comparison to other forms of f l u v i a l t r a n s p o r t . 
As a r e s u l t of o b s e r v a t i o n a l d i f f i c u l t i e s ^ r e s e a r c h i n t o 
bedload t r a n s p o r t has lagged behind suspended sediment and 
s o l u t e s , and t h e r e i s a dearth of r e l i a b l e f i e l d measure-
ments ( P a i n t e r 1 976) . 
S e v e r a l methods have been evolved to measure r a t e s of 
bedload t r a n s p o r t . A r e c e n t development i s the use of 
a c c o u s t i c d e v i c e s (Johnson & Muir 1969 , Anderson 1976) . 
More commonly bedload samplers of v a r y i n g designs a r e em-
ployed (Hubbell 1963). These are lowered to the stream 
bed a t time of flood to c o l l e c t bedload sediment i n t r a n s -
p o r t. A l l bedload samplers r e q u i r e manual o p e r a t i o n and 
s i n c e r a t e s of bedioad t r a n s p o r t are s u b j e c t to very r a p i d 
f l u c t u a t i o n s , e s t i m a t i n g long term y i e l d s on the b a s i s of 
frequent sampling i s seldom p r a c t i c a l , more e s p e c i a l l y i n 
small f l a s h y streams. An a d d i t i o n a l disadvantage i s t h a t 
no matter how w e l l they are designed, the presence of the 
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sampler on the stream bed d i s t u r b s flow p a t t e r n s to some 
degree d i v e r t i n g movement of bedload away from the sampler 
o r i f i c e . None of the bedload samplers examined by Novak 
(1957) i n flume t e s t s achieved more than 70% sampling 
e f f i c i e n c y . 
An a l t e r n a t i v e method i s to s i n k a permanent t r a p i n t o 
the stream bed (e.g. Lewin & B r i n d l e 1977, Gomez 1979). 
I n t h i s s i t u a t i o n , s i n c e t h e r e i s no p r o t r u s i o n above the 
stream bed, i n t e r f e r e n c e with f l u i d dynamics and p a r t i c l e 
movement i s minimised and c o l l e c t i o n of bedload i n the 
t r a p approaches 100% e f f i c i e n c y . However, one p o s s i b l e 
source of e r r o r i s removal of sediment by scour a f t e r i t 
has been detained i n the t r a p . Bedload monitoring by t h i s 
method i s automatic i n t h a t i t does not r e q u i r e the 
presence of an operator during f l o o d e v e n t s . With a few 
e x c e p t i o n s (e.g. Leopold & Emmett 1976) t h i s method i s , 
for obvious p r a c t i c a l reasons, g e n e r a l l y r e s t r i c t e d to 
small streams. Normally bedload t r a p s f u r n i s h only t o t a l 
t r a n s p o r t over the p e r i o d s i n c e the t r a p was l a s t emptied 
with no i n d i c a t i o n of v a r i a t i o n s during the p e r i o d . T h i s 
can become a d i s t i n c t drawback i n attempts to model bedload 
t r a n s p o r t dynamics. 
The bedload t r a p i n s t a l l e d i n the N a r r a t o r Brook was 
s p e c i f i c a l l y c o n s t r u c t e d f o r the purpose and c o n s i s t s of 
t h r e e p a r t s ( f i g . 3 . 5 , p l a t e 3.12). A r e c t a n g u l a r box of 
marine plywood 15cm by 40cm was sunk i n t o the stream bed 
and remained a permanent f i x t u r e . The l e a d i n g edge of 
the box was f l u s h with the stream bed. T h i s i s c r i t i c a l 
i f the lower r a t e s of bedload t r a n s p o r t are to be d e t e c t e d . 
I n s i d e the box was a l i n i n g of s o f t v i n y l on a wire frame 
which could be removed to recover c o l l e c t e d bedload. A 
removable wooden frame i n the top p a r t of the box h e l d the 
inner l i n i n g i n p l a c e and prevented bed m a t e r i a l from en-
t e r i n g the gap between outer box and i n n e r l i n i n g . T h i s 
frame a l s o supported a r a i s e d s e c t i o n a t the downstream 
end of the t r a p with a supplementary c o l l e c t i o n bag. T h i s 
r a i s e d s e c t i o n was designed to t r a p s a l t a t i n g p a r t i c l e s 
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A Supptementary collecting bag 
B Inner lining (removable) 
C Inner frame (removablel 
0 Outer box (fixed) 
F i g . 3 . 5 Bedload t r a p at S t . 1, N a r r a t o r Brook 
which might otherwise have by-passed the t r a p . A d d i t i o n -
a l l y i t reduces the p o s s i b i l i t y of subsequent removal of 
bedload from the t r a p by scour. I t was hoped t h a t t h i s 
s t r u c t u r e would be f a r enough from the l e a d i n g edge of the 
t r a p to avoid s e r i o u s d i s t u r b a n c e of bedload movement i n 
t h i s v i c i n i t y . 
The width of the t r a p i s 15cm which, a t i t s l o c a t i o n 
a t the main gauging s i t e on the Narrator Brook i s 1/14th 
of the stream width. The only two h y d r a u l i c f a c t o r s 
a f f e c t i n g bedload t r a n s p o r t which vary to any degree 
a c r o s s a channel s e c t i o n are stream depth and stream 
v e l o c i t y (Colby 1961, S k i b i n s k i 1968). S i n c e both these 
f a c t o r s vary a c r o s s the stream s e c t i o n a t the main gauging 
s i t e , so too does bedload t r a n s p o r t . I f r e l i a b l e e s t i -
mates of t o t a l bedload t r a n s p o r t are to be obtained the 
t r a p has to be l o c a t e d where r a t e of t r a n s p o r t i s l i k e l y 
to be r e p r e s e n t a t i v e of the c r o s s - s e c t i o n . The bedload 
trap was p o s i t i o n e d a t a point where depth and v e l o c i t y 
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both approximate mean v a l u e s f o r the c r o s s - s e c t i o n as a 
whole. Here i t i s l i k e l y t h a t r a t e of bedload t r a n s p o r t 
a l s o approximates a mean v a l u e f o r c r o s s - s e c t i o n and thus 
m u l t i p l y i n g t r a p c a t c h by 14 y i e l d s a reasonable e s t i m a t e 
of the t o t a l bedload t r a n s p o r t through the c r o s s - s e c t i o n . 
For a l i m i t e d time towards the end of the p e r i o d of ob-
s e r v a t i o n , comparison i s p o s s i b l e with r e s u l t s from a bed-
load t r a p i n s t a l l e d a s h o r t d i s t a n c e downstream and cove r -
ing the e n t i r e width of the channel (Gomez 1979 . f i g . 3.6) 
0-1 I'O 10 100 
(Catch of ^partial width' bedload trap - Kg ) x U 
Fig.3,6 R e l a t i o n between catch of p a r t i a l width bedload 
t r a p and catch of f u l l width bedload t r a p , S t . 1, 
Narrator Brook (Data for f u l l width bedload t r a p 
i s from Gomez 19 79) 
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Although the data are sparse a broad measure of agreement 
i s apparent. There are however, short term d i s p a r i t i e s 
i n recorded bedload by the two t r a p s which may perhaps be 
a t t r i b u t e d to changing l o c a t i o n of the stream thalweg or 
changing composition of bed m a t e r i a l a c r o s s the channel. 
While t h i s to some degree a d v e r s e l y a f f e c t s the e f f i c i e n c y 
of p a r t i a l width t r a p s f o r i n v e s t i g a t i n g d e t a i l e d temporal 
dynamics of bedload t r a n s p o r t , p r o v i d i n g the t r a p i s c a r e -
f u l l y p o s i t i o n e d these i r r e g u l a r i t i e s appear to be averaged 
out over time so t h a t e s t i m a t e s of long term t r a n s p o r t 
r a t e s by t h i s method are probably q u i t e sound. The t r a p 
was emptied at weekly i n t e r v a l s during the p e r i o d of r e -
s e a r c h except during p e r i o d s with l i t t l e recorded change 
i n stream stage. During these p e r i o d s the t r a p was l e f t 
two or more weeks before recovery of c o l l e c t e d bedload. 
Perio d t r a p c a t c h e s were then summed to o b t a i n t o t a l c a t c h -
ment output f o r comparison with other forms of f l u v i a l 
t r a n s p o r t . One problem encountered i n bedload measurement 
was r e l a t e d to i t s l a r g e temporal v a r i a b i l i t y s t r e t c h i n g 
over t h r e e o r d e r s of magnitude. During a four week p e r i o d 
i n A p r i l and May 1976 t o t a l bedload d i s c h a r g e of the 
Narrator Brook was l e s s than 0.024 kg/m/week, while f o r 5 
of the 81 weeks of o b s e r v a t i o n the bedload t r a p was com-
p l e t e l y f i l l e d r e p r e s e n t i n g a bedload d i s c h a r g e of a t l e a s t 
24 kg/m/week. On these o c c a s i o n s the e x t e n t to which the 
c a p a c i t y of the bedload t r a p was exceeded i s u n c e r t a i n and 
a c t u a l d i s c h a r g e of bedload f o r these times i n unknown. 
A f u r t h e r d i f f i c u l t y a r i s e s i n d i s t i n g u i s h i n g between 
bedload and suspended load. On o c c a s i o n s , as much as 10% 
of the bedload c o l l e c t e d i n the N a r r a t o r Brook was l e s s 
than 300 microns i n s i z e . During higher flows p a r t i c l e s 
l a r g e r than t h i s s i z e on.the stream bed become p a r t of the 
suspended load. There i s thus an o v e r l a p between the two 
forms of t r a n s p o r t and E i n s t e i n e t a l (1940) maintain t h a t 
in most streams the d i s t i n c t i o n i s merely one between 
methods of o b s e r v a t i o n . For the p r e s e n t r e s e a r c h a l l 
sediment c o l l e c t e d i n the stream bed t r a p was regarded as 
83 
bedload and a l l sediment e x t r a c t e d from stream water 
samples as suspended sediment. 
3.2 Laboratory methods 
3,2.1 Suspended Sediment 
S e v e r a l standard procedures a r e a v a i l a b l e f o r l a b o r a t o r y 
determination of the sediment c o n c e n t r a t i o n of stream 
samples which are d e s c r i b e d i n A.S.C.E. (1969b) and Guy 
(1969). Choice of method depends upon the range of con-
c e n t r a t i o n s to be a n a l y s e d . For the N a r r a t o r Brook where 
c o n c e n t r a t i o n s seldom exceed ^00mg/l the most s u i t a b l e 
method i s vacuum f i l t r a t i o n . T h i s method i n v o l v e s p a s s -
ing the sample through a pre-weighed f i l t e r ; m a i n t a i n i n g 
a vacuum w i t h i n a f l a s k below the f i l t e r housing speeds 
r a t e of f i l t r a t i o n . F i l t e r with f i l t r a t e i s then d r i e d 
a t 105°C f o r a p e r i o d of not l e s s than one hour and 
allowed to cool i n a d e s i c c a t o r before reweighing to de-
termine the weight of. f i l t e r e d sediment. R e s u l t s a r e r e -
ported i n mg/£ by making adjustment f o r the volume of 
sample f i l t e r e d where t h i s i s not a l i t r e . The volume of 
sample which should be f i l t e r e d depends upon the expected 
c o n c e n t r a t i o n , the aim being f o r samples with low concen-
t r a t i o n to maximize as f a r as p o s s i b l e the amount of s e d i -
ment on the f i l t e r i n order to reduce weighing e r r o r s . 
Gregory & Walling (1973) recommend t h a t sample volumes f o r 
f i l t r a t i o n should be a t l e a s t around 250m£ to 500ml. I n 
the p r e s e n t study, f o r samples from both the r i s i n g stage 
samplers and the storm p e r i o d automatic vacuum b o t t l e 
sampler which c o n t a i n the h i g h e s t c o n c e n t r a t i o n s , volumes 
f i l t e r e d v a r i e d between 250m£ and 350m£. Sample volumes 
from the t h r e e standard automatic vacuum b o t t l e samplers 
were g r e a t e r , i n the range of 450m£ to 550m£, and f o r the 
hand samples taken during baseflow when c o n c e n t r a t i o n s are 
g e n e r a l l y below 1mg/£, volume f i l t e r e d was 6 50m£. The 
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pore s i z e of f i l t e r used a f f e c t s the amount of p a r t i c u l a t e 
matter r e t a i n e d and t h e r e f o r e i n f l u e n c e s computed sediment 
c o n c e n t r a t i o n s . The d i v i s i o n between p a r t i c u l a t e and 
d i s s o l v e d s o l i d s i s d i f f u s e . C o l l o i d s which d i s p l a y 
p h y s i c a l c h a r a c t e r i s t i c s of both p a r t i c u l a t e and d i s s o l v e d 
matter occupy a broad t r a n s i t i o n i n the s i z e range 0.5 
microns to 0.001 microns. The f i l t e r pore s i z e s e l e c t e d 
fo r l a b o r a t o r y a n a l y s i s of sediment c o n c e n t r a t i o n i n the 
present study i s 0.22 microns recommended by Douglas (1971) . 
T h i s f a l l s i n the c e n t r a l p a r t of the c o l l o i d a l s i z e range; 
some c o l l o i d a l m a t e r i a l f i n e r than 0.22 microns thus p a s s e s 
through the f i l t e r and i s not recorded as suspended s e d i -
ment. During f l o o d p e r i o d s i n the N a r r a t o r ' Brook the -.'. 
stream becomes d i s c o l o u r e d with c o l l o i d a l humus and even 
a f t e r f i l t r a t i o n s l i g h t d i s c o l o u r a t i o n remains. Conse-
quently, as with bedload and suspended sediment, where the 
d i s t i n c t i o n depends upon methods of f i e l d o b s e r v a t i o n , the 
d i s t i n c t i o n between suspended s o l i d s and d i s s o l v e d s o l i d s 
depends upon the method of l a b o r a t o r y a n a l y s i s (Loughran 
1971), For the p r e s e n t study m a t e r i a l r e t a i n e d on the 
0.22 micron f i l t e r was regarded as suspended s o l i d s and 
t h a t p a s s i n g through as d i s s o l v e d s o l i d s . F i l t e r pore 
s i z e s e l e c t e d , p r o v i d i n g i t i s w i t h i n the c o l l o i d a l s i z e 
range, i s not c r i t i c a l s i n c e i n most s i t u a t i o n s g r a v i m e t r i c 
c o n c e n t r a t i o n s of c o l l o i d s i s very s m a l l i n comparison to 
both suspended sediment and s o l u t e s . I n the higher 
reaches of the Narrator Brook c o l l o i d a l c o n c e n t r a t i o n s are 
high even during baseflow when c o n c e n t r a t i o n of l a r g e r 
sediment p a r t i c l e s i s very low. I n t h i s s i t u a t i o n f i l t e r 
pore s i z e may s i g n i f i c a n t l y e f f e c t sediment c o n c e n t r a t i o n 
d e t e r m i n a t i o n s . 
Although f i l t r a t i o n i s the most a c c u r a t e method f o r 
l a b o r a t o r y determination of sediment c o n c e n t r a t i o n and 
t h e r e f o r e the most s u i t a b l e f o r c o n c e n t r a t i o n s i n the 
range 1 to 100mg/£, the method i s s u b j e c t to e r r o r from 
s e v e r a l sources (Douglas 1971, Loughran 1971). With 
s m a l l e r c o n c e n t r a t i o n s below 1mg/.£ these e r r o r s have 
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r e l a t i v e l y g r e a t e r impact rendering r e s u l t s d i f f i c u l t to 
reproduce (Loughran 1971). Such low c o n c e n t r a t i o n s can 
only be s u c c e s s f u l l y a nalysed i n the l a b o r a t o r y with 
sample volumes g r e a t e r than h a l f a l i t r e and a l s o by ob-
s e r v i n g c e r t a i n p r e c a u t i o n s . The major source of e r r o r 
a r i s e s from a drop i n f i l t e r weight p a r t i c u l a r l y during 
f i l t r a t i o n and oven d r y i n g . T h i s weight l o s s may be a 
r e s u l t of d i s s o l u t i o n , during f i l t r a t i o n , of g l y c e r o l which 
i s p r e s e n t i n sm a l l amounts i n a l l membrane f i l t e r s 
(Winneberger e t a l 1963). A l t e r n a t i v e l y i t may be due to 
p a r t i a l v o l a t i l i z a t i o n of the f i l t e r during oven d r y i n g or 
e l s e l o s s of f i l t e r paper fragments during handling. 
These weight l o s s e s can be reduced f o r g l a s s f i b r e f i l t e r s 
by f i r s t soaking the f i l t e r i n d i s t i l l e d water and oven 
dr y i n g , before commencing a n a l y s i s . Experiments w i t h 
membrane f i l t e r s , however, show t h a t weight l o s s does not 
decrease s u b s t a n t i a l l y even a f t e r s e v e r a l wetting and dry-
ing c y c l e s so t h a t t h i s p r e c a u t i o n i s i n e f f e c t i v e f o r mem-
brane f i l t e r s (Douglas 1971). F i l t e r weight may a l s o be 
i n f l u e n c e d by changing humidity i n the l a b o r a t o r y due to 
absorption of water vapour from the atmosphere; both f i l t e r 
and f i l t r a t e are hygroscopic. A l l f i l t e r weight changes 
were compensated f o r by the use of the c o n t r o l f i l t e r 
method used p r e v i o u s l y by Winneberger e t a l (1963) and 
Douglas (1971). The c o n t r o l f i l t e r undergoes e x a c t l y the 
same treatment as the f i l t e r or batch of f i l t e r s being used 
for a n a l y s i s of stream sediment c o n c e n t r a t i o n , except t h a t 
an e q u i v a l e n t volume of d i s t i l l e d water i s passed through 
the c o n t r o l f i l t e r i n the p l a c e of stream water. Any 
change i n weight experienced by the c o n t r o l f i l t e r i s 
a p p l i e d as a c o r r e c t i o n to the remaining f i l t e r s i n the 
batch. 
Even a f t e r other p o s s i b l e sources of e r r o r have been 
t a c k l e d , sediment c o n c e n t r a t i o n s determined by f i l t r a t i o n 
were s u b j e c t to random weighing e r r o r s amounting to -
0.3mg/£. As a r e s u l t , a t c o n c e n t r a t i o n s below 1mg/£ which 
i s u s u a l f o r the- Narrator Brook a t baseflow, r e p r o d u c i b i l i t y 
86 
i s poor. However a mean of s e v e r a l , v a l u e s i r o n s out the 
e r r o r s to a l a r g e degree. Laboratory determined sediment 
c o n c e n t r a t i o n s f o r two groups of ten samples, drawn from 
a s i n g l e s i t e over a 30 minute p e r i o d during steady base-
flow, range from 0.22 to 0.91mg/l ( t a b l e 3.3). Mean 
va l u e s f o r the two groups, however, are very s i m i l a r . At 
higher c o n c e n t r a t i o n s during storm p e r i o d s e r r o r s i n c u r r e d 
i n the f i l t r a t i o n method become i n s i g n i f i c a n t . Above 
^00mq/l f i l t r a t i o n i s unsuitable- because the amount of 
sediment r e t a i n e d on the f i l t e r i s such t h a t there i s a 
danger of s p i l l a g e during handling. I n a d d i t i o n , i f t h e r e 
i s an a p p r e c i a b l e proportion of c l a y and c o l l o i d a l s i z e d 
sediment, r a t e of f i l t r a t i o n i s slowed to such a degree 
t h a t s e v e r a l days may be r e q u i r e d to f i l t e r a 250mZ sample. 
T h i s s i t u a t i o n i s u n s a t i s f a c t o r y i f a l a r g e number of 
samples need to be f i l t e r e d . 
An a l t e r n a t i v e method of a n a l y s i s used i n t h i s study 
fo r c o n c e n t r a t i o n s i n e x c e s s of lOOmg/^, i s evaporation of 
a measured volume of sample i n a pre-weighed evaporation 
d i s h as d e s c r i b e d i n A.S.C.E. 1969b. The d i s s o l v e d s o l i d s 
content of the sample has to be estimated and deducted 
from the weight of r e s i d u e , and t h i s i n v a r i a b l y i n t r o d u c e s 
a measure of i n a c c u r a c y i n t o the method. Weighing the 
r e s i d u e a c c u r a t e l y a l s o p r e s e n t s d i f f i c u l t i e s s i n c e 
g e n e r a l l y i t s weight i s g r e a t l y exceeded by the weight of 
the.evaporating d i s h i n which i t i s lodged- A lower r a t i o 
of the weight of the r e c e p t a c l e to the item to be weighed 
i s d e s i r a b l e f o r more a c c u r a t e weight determination. 
E r r o r s i n t h i s method were minimised i n the p r e s e n t study 
by f i r s t c e n t r i f u g i n g the sample, decanting the supernatent 
l i q u i d , and t r a n s f e r r i n g the s l u r r y to a small c r u c i b l e f o r 
evaporation and weighing. 
3.2.2 So7Mtes 
The t o t a l s o l u t e s content of stream samples 
was determined i n d i r e c t l y from t h e i r s p e c i f i c e l e c t r i c a l 
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conductance; v a l u e s are recorded i n micromhos/cm r e p o r t e d 
to a standard temperature of 25*^C. The c o n d u c t i v i t y of 
water i s a f u n c t i o n of the c o n c e n t r a t i o n and p r o p o r t i o n a l 
r e p r e s e n t a t i o n of e l e c t r i c a l charged d i s s o l v e d " c o n s t i t u e n t s 
and a l s o of the temperature of the s o l u t i o n . At c o n s t a n t 
temperature, f o r a given admixture of i o n s , s p e c i f i c con-
ductance (S.C.) i s d i r e c t l y p r o p o r t i o n a l to t o t a l d i s s o l v e d 
s o l i d s (T.D.S.). 
S.C. = K X T.D.S (3.1) 
The c o n s t a n t of p r o p o r t i o n a l i t y (K) depends upon the 
r e l a t i v e proportion of ions p r e s e n t . For a pure s o l u t i o n 
of sodium c h l o r i d e , which i s the major d i s s o l v e d c o n s t i -
tuent of p r e c i p i t a t i o n , K i s 0,48, w h i l e f o r a pure s o l u -
t i o n of c a l c i u m bicarbonate, the main chemical product of 
rock weathering, i t i s 1.6 (Golterman & Clymo 1969). For 
a l l n a t u r a l streams K can vary between these two l i m i t s 
depending upon the r e l a t i v e c o n t r i b u t i o n to stream s o l u t e s 
from p r e c i p i t a t i o n and rock weathering, but u s u a l l y K l i e s 
i n the range of 0.55 to 0,90. K remains constant f o r a 
p a r t i c u l a r stream as long as the . r e l a t i v e proportion of 
d i s s o l v e d c o n s t i t u e n t s does not vary to any l a r g e degree 
(Paras 1971). The value of K can be determined by r e -
g r e s s i o n of s p e c i f i c conductance with measured t o t a l 
d i s s o l v e d s o l i d s f o r s e l e c t e d samples, p r e f e r a b l y c o v e r i n g 
as wide a range i n c o n c e n t r a t i o n as p o s s i b l e . T h i s was 
done f o r the N a r r a t o r Brook as shown i n f i g 3.7 with t o t a l 
s o l u t e c o n c e n t r a t i o n s ranging from 26 to 71mg/£ and con-
d u c t i v i t y from 49 to 104 micromhos/cm. For c a l i b r a t i o n 
purposes, t o t a l d i s s o l v e d s o l i d s was determined by evapo-
r a t i o n of a measured volume of p r e f i l t e r e d sample. The 
g r e a t e r p a r t of the s c a t t e r i n the c a l i b r a t i o n can be 
a t t r i b u t e d to the l a r g e degree of i n a c c u r a c y i n h e r e n t i n 
the d e t e r m i n a t i o n of t o t a l d i s s o l v e d s o l i d s by the evapo-
r a t i o n method. Sources of e r r o r i n c l u d e v o l a t i l i s a t i o n 
of c e r t a i n s a l t s , r e t e n t i o n of water of c r y s t a l l i s a t i o n . 
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and absorption of atmospheric water vapour (Hem 1970). 
Some s c a t t e r i s a l s o due to the presence of d i s s o l v e d 
c o n s t i t u e n t s which are not e l e c t r i c a l l y charged, Tiotably 
s i l i c a . S i l i c a c o n t r i b u t e s to t o t a l d i s s o l v e d s o l i d s 
but has no e f f e c t upon the e l e c t r i c a l conductance of the 
s o l u t i o n (White e t a l 1963). 
The K value of 0,77 f o r Narrator stream water i s 
probably e q u a l l y a p p l i c a b l e to a l l streams d r a i n i n g the 
Dartmoor G r a n i t e ; s i n c e l i t h o l o g y i s uniform the r e l a t i v e 
p roportion of ions p r e s e n t i s u n l i k e l y to a l t e r a p p r e c i a b l y 
from stream to stream. Other K v a l u e s i n B r i t a i n d e t e r -
mined by the same procedure i n c l u d e 0.65 for the Exe R i v e r 
B a s i n (Walling & Webb 1975) and 0.91 f o r a Mid-Wales c a t c h -
ment (Cryer 1976). The c a l i b r a t i o n f o r p r e c i p i t a t i o n over 
the Narrator catchment, a l s o shown i n f i g 3.7, has a K 
value of 0.56, which i s r a t h e r lower than the 0.77 f o r 
Narrator stream water. T h i s r e f l e c t s the predominance of 
sodium and c h l o r i d e i n p r e c i p i t a t i o n s o l u t e s . L e s s e r 
p r o p o r t i o n s of magnesium, sulphate and other ions are 
r e s p o n s i b l e f o r pushing the K v a l u e s l i g h t l y above t h a t of 
0,48 f o r a pure s o l u t i o n of sodium c h l o r i d e . The l a r g e r 
negative i n t e r c e p t for the p r e c i p i t a t i o n c a l i b r a t i o n i n 
comparison to t h a t f o r stream water may be a r e s u l t of the 
r e l a t i v e l y low pH of p r e c i p i t a t i o n . P r e c i p i t a t i o n pH 
v a l u e s vary between 3,5 and 5.0 i n comparison to the 
corresponding l i m i t s f o r stream water of 5.0 and 6.0. 
I o n i z e d hydrogen a f f e c t s c o n d u c t i v i t y but does not c o n t r i -
bute to the g r a v i m e t r i c c o n c e n t r a t i o n of t o t a l d i s s o l v e d 
s o l i d s (Edwards e t a l 1975). 
Although an i n d i r e c t method of determining t o t a l 
d i s s o l v e d s o l i d s s p e c i f i c conductance has the advantage of 
being both r a p i d and cheap so t h a t l a r g e numbers of samples 
can be a n a l y s e d . I t i s a l s o a very s e n s i t i v e measure and 
r e s u l t s are r e p r o d u c i b l e to w i t h i n 1%. T h i s permits de-
t a i l e d i n v e s t i g a t i o n s of the s m a l l s p a t i a l and temporal 
v a r i a t i o n s of stream s o l u t e c o n c e n t r a t i o n s o c c u r r i n g w i t h -
i n the Narrator catchment which would not be p o s s i b l e 
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using the evaporation method. 
T o t a l d i s s o l v e d s o l i d s can a l s o be obtained by summa-
t i o n of the major s o l u t e c o n s t i t u e n t s determined i n d i v i -
d u a l l y . As w e l l as being time consuming, by summation 
of i n d i v i d u a l c o n s t i t u e n t s , i n a c c u r a c i e s i n the determina-
t i o n of each are compounded reducing the s e n s i t i v i t y of 
the method- However, information regarding the composi-
t i o n of t o t a l d i s s o l v e d s o l i d s i s r e q u i r e d f o r d e l i m i t i n g 
the major sources of stream s o l u t e s . I n d i v i d u a l d i s s o l v e d 
c o n s t i t u e n t s were an a l y s e d f o r s e l e c t e d samples acco r d i n g 
to standard methods i n c l u d i n g flame photometry for sodium 
and potassium; atomic a b s o r p t i o n spectrophotometry f o r 
c a l c i u m , magnesium and i r o n ; s p e c i f i c ion e l e c t r o d e f o r 
c h l o r i d e ; and a u t o - a n a l y s e r f o r s i l i c o n and n i t r a t e . As 
w i t h t o t a l d i s s o l v e d s o l i d s , c o n c e n t r a t i o n s of major 
c o n s t i t u e n t s for s e l e c t e d samples may a l s o be c a l i b r a t e d 
a g a i n s t s p e c i f i c conductance ( S t e e l e 1976; f i g 3.8). 
3.2.3 Bedload 
Bedload c o l l e c t e d i n the N a r r a t o r Brook was f i r s t 
d r i e d and organic matter removed before weighing. For 
the l a r g e r samples, over 0.5kg, o r g a n i c matter, l e a v e s 
and twigs, were removed by hand. For samples s m a l l e r 
than about 0.5kg, o r g a n i c matter was removed by heating 
the sample to 500°C i n a furnace f o r a p e r i o d exceeding 12 
hours as d e s c r i b e d i n B r i g g s (1977a). A f t e r weighing, 
each sample was s u b j e c t e d to p a r t i c l e s i z e a n a l y s i s by the 
dry s i e v e method (Briggs 1977b). Mesh s i z e s employed f o r 
the p a r t i c l e s i z e d eterminations of bedload samples, and 
a l s o samples of bed m a t e r i a l c o l l e c t e d i n the N a r r a t o r 
Brook, ranged from +40(0.075mm) to -^0 (16mm) at i n t e r v a l s 
of 10. 
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» Chloride 
o Sodium 
Sodium concentration (mg/1) 
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Chloride concentration (mg/1) 
F i g , 3.8 C a l i b r a t i o n of sodium and c h l o r i d e 
c o n c e n t r a t i o n s a g a i n s t s p e c i f i c e l e c t r i c a l 
conductance f o r p r e c i p i t a t i o n i n the 
Nar r a t o r catchment 
3,3 Computational methods 
3.3.1 Delimitation of Storm and Flood Events 
According to many workers ( C o l l i e r 1963, Guy 1964, 
Rendon-Herero 1974, Walling 1977) the fl o o d event i s the 
most l o g i c a l u n i t as the b a s i s f o r i n v e s t i g a t i o n of the 
c o n t r o l s of sediment and s o l u t e dynamics. As a r e s u l t of 
the v a r i a b l e l a g between changing p r e c i p i t a t i o n c h a r a c t e r -
i s t i c s experienced a t the catchment s u r f a c e and c o n c e n t r a -
t i o n of sediment or d i s s o l v e d s o l i d s observed i n the 
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stream, r e l a t i n g instantaneous c o n c e n t r a t i o n s to hydro-
me t e o r o l o g i c a l f a c t o r s i s not f e a s i b l e . Flow re c o r d s from 
the Narrator catchment were separated i n t o d i s c r e t e f l o o d 
events and p r e c i p i t a t i o n r e c o r d s were separated i n t o 
corresponding storm ev e n t s . Mean f l o o d p e r i o d s e d i -
ment and s o l u t e c o n c e n t r a t i o n s were then s u b j e c t e d to 
m u l t i v a r i a t e a n a l y s i s . Mean storm p e r i o d p r e c i p i t a t i o n 
parameters and mean fl o o d p e r i o d streamflow parameters 
were included i n the a n a l y s i s as independent v a r i a b l e s -
Stream d i s c h a r g e r e c o r d s over the p e r i o d of o b s e r v a t i o n 
were d i v i d e d i n t o quickflow and baseflow by hydrograph 
s e p a r a t i o n emplpying the method d e v i s e d by Hibbert & 
Cunningham (1967) and used by W a l l i n g (1971b). The method 
assumes a uniform i n c r e a s e i n baseflow d i s c h a r g e of 0.55 
£/s/hr/km^ during the fl o o d event ( f i g 3.9). I t has the 
500n 
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u^300^ 
|200H 
lOOH 
Method assumes that baseflovf P 
in c r e a s e s a t a r a t e of 0.55 i^/s/hr/kn 
during the flood event. 
Drainage area of the catchaent i s 4.68 kzi 
Baseflov; discharge immediately 
p r i o r to flood a t point X i s 52 -?/s 
R i s i n g baseflow l i n e i n t e r s e c t s 
r e c e s s i o n limb of hydrograph a t Y, 
9 hours l a t e r , a t a discharge of 
(0.55 X 9 X 4,68) + 52 = 75 ^ / s 
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00 02 04 06 08 
8/7/75 
Hibbert and Cunningham's (1967) method 
of hydrograph s e p a r a t i o n a p p l i e d to a 
flo o d event recorded on the 7th and' 8th 
of J u l y 1975 at S t , 1 on the Narrator 
Brook 
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advantage of being o b j e c t i v e , p r e c i s e and t o t a l l y r e p r o -
d u c i b l e - However, no g e n e t i c connotations can be a t t a c h e d 
to q u i c k f l o w and baseflow separated i n t h i s manner; no 
pathways can be i m p l i e d . A f l o o d event, f o r the purpose 
of t h i s r e s e a r c h , i s def ined as a r i s e i n stream stage i n -
v o l v i n g some qu i c k f l o w runoff f o r a t l e a s t one of.the 
three gauging s t a t i o n s along the N a r r a t o r Brook, and i s 
d i s t i n g u i s h e d from a subsequent event by a r e t u r n to base-
flow. Very s m a l l stream r i s e s which do not generate 
q u i c k f l o w do not q u a l i f y as f l o o d events and were not i n -
cluded i n subsequent a n a l y s i s . Some events are composite 
i n c l u d i n g two or more i n d i v i d u a l r i s e s before a r e t u r n to 
baseflow. These are t r e a t e d as a s i n g l e event. Seventy-
one f l o o d events thus defined o c c u r r e d during the p e r i o d 
of o b s e r v a t i o n with volumes of q u i c k f l o w r u n o f f a t the main 
gauging s i t e a t the catchment e x i t ranging from 419 m^  
(0.09mm ) to 87 316 m^  (18.7mm.). 
D e l i m i t a t i o n of i n d i v i d u a l p r e c i p i t a t i o n or storm 
events has to be s t a n d a r d i z e d i n order to p r e s e r v e o b j e c -
t i v i t y as i n many c a s e s the p r e c i s e l i m i t s of a storm 
event are not c l e a r l y d e f i n e d . The most s u i t a b l e scheme 
depends on the nature of the catchment. For the p r e s e n t 
study a storm event i s d e f i n e d as c o n s i s t i n g of a t l e a s t 
10mm p r e c i p i t a t i o n and i s separated from both previous and 
subsequent storm events by a t l e a s t e i g h t hours without 
measurable p r e c i p i t a t i o n . S i x t y - t h r e e such events 
occurred during the p e r i o d of o b s e r v a t i o n with storm p e r i o d 
p r e c i p i t a t i o n ranging from 10..0mm to 78.8mm and together 
amounting to 75.7% of t o t a l p r e c i p i t a t i o n f o r the p e r i o d 
as a whole. An e i g h t hour i n t e r v a l between storm events 
proved the most s u i t a b l e compromise for matching storm 
events with f l o o d events i n the N a r r a t o r catchment. A 
s h o r t e r time i n t e r v a l and separate storm events so d e s i g -
nated become merged i n t o a s i n g l e f l o o d event while a 
longer time i n t e r v a l r e s u l t s i n s i n g l e storm events e n -
compassing more than one f l o o d event. V/ith an e i g h t hour 
i n t e r v a l t h e r e i s very l i t t l e such o v e r l a p . Only thr e e 
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of the 63 storm events i n c l u d e more than a s i n g l e f l o o d 
event, and only two of. the 71 f l o o d events are spread 
over more than a s i n g l e storm event. S i m i l a r l y , a m i n i -
mum requirement of 10mm p r e c i p i t a t i o n f o r d e f i n i n g storm 
events proves most s u i t a b l e f o r the Narrator catchment a l -
though i n e v i t a b l y not a l l the storm and f l o o d events 
correspond. During the p e r i o d of o b s e r v a t i o n , 11 of the 
63 storm events are unmatched by f l o o d events while 21 of 
the 71 f l o o d events were generated by non-storm p r e c i p i t a -
t i o n e v e n t s . There are thus a t o t a l of 82 events which 
can be c l a s s e d as e i t h e r f l o o d events or storm events or 
both. T h i s does not i n c l u d e two s m a l l f l o o d events which 
o c c u r r e d during e a r l y February 1976, each of which r e -
s u l t e d from r a i n f a l l upon me l t i n g snow. Since these 
f l o o d s were s u p p l i e d i n p a r t by snow-melt, a s s o c i a t e d sedi-
ment and s o l u t e y i e l d s cannot be d i r e c t l y r e l a t e d to p r e -
c i p i t a t i o n c h a r a c t e r i s t i c s . For t h i s reason these events 
are not included i n m u l t i v a r i a t e a n a l y s e s , but are t r e a t e d 
s e p a r a t e l y . 
3.3.2 Derivation of Variables 
V a r i a b l e s included i n m u l t i v a r i a t e a n a l y s i s i n c l u d e , 
b e s i d e s sediment and s o l u t e c o n c e n t r a t i o n s , h y d r o l o g i c a l 
and p r e c i p i t a t i o n parameters together with i n d i c e s of 
catchment wetness and s e a s o n a l i t y . A fundamental f e a t u r e 
of a l l i n d i c e s and parameters used i n the present study 
i s s i m p l i c i t y and r e p r o d u c i b i l i t y . Gregory & Walling 
(1973) s t r e s s the need to base i n d i c e s upon r e a d i l y a v a i l -
a ble data so t h a t they can become s t a n d a r d i z e d thus 
f a c i l i t a t i n g comparisons between d i f f e r e n t s t u d i e s . Most 
have been employed i n p r e v i o u s s t u d i e s of sediment and 
s o l u t e dynamics, but some are new. The dependent con-
c e n t r a t i o n parameters were d e r i v e d i n the f o l l o w i n g 
manner. From c o n c e n t r a t i o n of stream samples, together 
with stream d i s c h a r g e a t the time of sampling, mean d i s -
charge weighted sediment and s o l u t e c o n c e n t r a t i o n (C_p) 
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was computed f o r each of the f l o o d events (equation 3.2) 
^^FP^ = (CiQi) (3.2) 
where ^^ppV i s mean f l o o d p e r i o d d i s c h a r g e weighted 
c o n c e n t r a t i o n {mq/Z] 
C i i s c o n c e n t r a t i o n of i n d i v i d u a l stream 
samples obtained during f l o o d period (mg/£) 
Qi i s stream d i s c h a r g e a t the time of sampling 
U/s) 
Q i s mean f l o o d p e r i o d d i s c h a r g e [l/s) 
As a r e s u l t of the d i s s i m i l a r f r e q u e n c i e s of sampling 
adopted f o r the r i s i n g and f a l l i n g s t a g e s of flood events 
i n the Narrator catchment (see s e c t i o n 3.1.2) i t became 
nec e s s a r y to determine separate d i s c h a r g e weighted con-
c e n t r a t i o n s for r i s i n g and f a l l i n g s t a g e s before combining 
the twa i n t o a s i n g l e v a l u e f o r the f l o o d event as a whole. 
The d i s p a r i t y i n c o n c e n t r a t i o n s between r i s i n g and f a l l i n g 
s t a g e s v a r i e s according to hydrometeorological c o n d i t i o n s 
and i s d i s c u s s e d f u r t h e r i n chapter 6. 
Guy (1964), Walling (1971a), Herb (1976), and 
o t h e r s r e l y on mean di s c h a r g e weighted f l o o d period con-
c e n t r a t i o n s as dependent v a r i a b l e s i n m u l t i v a r i a t e a n a l y s i s . 
I n t h i s study c a l c u l a t i o n s were c a r r i e d a stage f u r t h e r by 
o b t a i n i n g mean c o n c e n t r a t i o n of q u i c k f l o w (equation 3.3). 
Quickflow c o n c e n t r a t i o n s are more u s e f u l f o r i n v e s t i -
g ating the c o n t r o l s of f l o o d p e r i o d sediment and s o l u t e 
dynamics than f l o o d p e r i o d c o n c e n t r a t i o n s s i n c e they are 
l i k e l y to be more s e n s i t i v e to changes i n hydrometeorologi-
c a l c o n d i t i o n s . T h i s i s because baseflow d i s c h a r g e during 
f l o o d p e r i o d s , as determined by the method of Hibbert & 
Cunningham (1967) d e s c r i b e d i n s e c t i o n 3.3.1, i s u n a f f e c t e d 
by storm period hydrometeorological c o n d i t i o n s . Even 
though baseflow sediment and s o l u t e c o n c e n t r a t i o n s i n the 
Narrator Brook are r e l a t i v e l y uniform over time, the chang-
ing p r o p o r t i o n of baseflow to t o t a l flow f o r d i f f e r e n t f l o o d 
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where 
(3.3) 
QQF 
=QF i s mean d i s c h a r g e weighted c o n c e n t r a t i o n 
of quickflow; 
S F i s baseflow c o n c e n t r a t i o n ; 
SP i s mean d i s c h a r g e weighted fl o o d p e r i o d 
c o n c e n t r a t i o n (from Eq 3.2) 
QQF i s q u i c k f l o w r u n o f f ; 
QBF i s baseflow r u n o f f ; 
Qpp i s t o t a l f l o o d p e r i o d r u n o f f . 
events has a l a r g e i n f l u e n c e upon f l o o d p e r i o d c o n c e n t r a t i o n s 
c o m p l i c a t i n g m u l t i v a r i a t e a n a l y s i s . Only those e v e n t s , 
numbering 37 i n a l l , f o r which q u i c k f l o w amounted to a t 
l e a s t 20% of t o t a l flow were i n c l u d e d i n m u l t i v a r i a t e 
a n a l y s i s . T h i s r e s t r i c t i o n was imposed because i n c a s e s 
when q u i c k f l o w i s a very s m a l l proportion of t o t a l flow, 
s m a l l i n a c c u r a c i e s i n the determination of mean storm p e r i o d 
c o n c e n t r a t i o n , i n c u r r e d i n both stream sampling and l a b o r a -
t o r y a n a l y s i s , become g r e a t l y magnified when converted to 
qui c k f l o w c o n c e n t r a t i o n s . 
I n order to obt a i n t o t a l y i e l d of suspended sediment and 
d i s s o l v e d s o l i d s f o r the pe r i o d of o b s e r v a t i o n as a whole, 
mean d i s c h a r g e weighted q u i c k f l o w c o n c e n t r a t i o n s were mul-
t i p l i e d by qu i c k f l o w runoff to give q u i c k f l o w y i e l d of s e d i -
ment and s o l u t e s f o r each event. These were then summed 
and added to the baseflow y i e l d of sediment and s o l u t e s f o r 
the p e r i o d of o b s e r v a t i o n ( t a b l e 3,4). Baseflow y i e l d s 
were obtained by m u l t i p l y i n g mean baseflow c o n c e n t r a t i o n s 
by baseflow r u n o f f . Mean baseflow c o n c e n t r a t i o n a t the 
three gauging s i t e s were determined on the b a s i s of 27 
samples c o l l e c t e d a t each s i t e during the p e r i o d of obser-
v a t i o n ( t a b l e 3.4). For m u l t i v a r i a t e a n a l y s i s c o n c e n t r a t i o n 
i s p r e f e r a b l e to y i e l d s i n c e i t i s a more independent measure. 
Y i e l d of sediment and s o l u t e s i s a product of both c o n c e n t r a -
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Table 3.4 The baseflow component of outputs from thre e 
sub-catchments of the Nar r a t o r Brook, 26/5/75 
to 13/12/76. 
Gauging S t a t i o n 
Mean baseflow suspended sediment 
c o n c e n t r a t i o n { m q / l ) 
Mean baseflow s p e c i f i c conductance 
(pmhos/cm) 
Mean baseflow c o n c e n t r a t i o n of t o t a l 
d i s s o l v e d s o l i d s (mg/t)* 
Baseflow r u n o f f (m^  .10^) 
Baseflow suspended sediment y i e l d ( t ) 
Baseflow y i e l d o f t o t a l d i s s o l v e d 
s o l i d s Ct) 
1 11 21 
0.65 0.54 0,37 
55.5 50.5 47.5 
41.6 37.9 35.6 
5 385 4 884 1 790 
3.50 2.64 0.66 
87.2 83.3 77.8 
* Obtained by r e f e r e n c e to f i g 3.7 
t i o n and stream d i s c h a r g e , and t h i s r enders i n t e r p r e t a t i o n of 
i n t e r r e l a t i o n s h i p s with h y d r o l o g i c a l and hydrometeorological 
v a r i a b l e s more d i f f i c u l t (Guy 1964). 
The independent v a r i a b l e s i n c l u d e d i n m u l t i v a r i a t e 
a n a l y s e s are l i s t e d i n t a b l e 3,5. Peak d i s c h a r g e and mean 
dis c h a r g e are used to r e p r e s e n t the t r a n s p o r t i n g power 
of the stream during the fl o o d event. Quickflow runoff and 
i n t e n s i t y of fl o o d r i s e a re u s e f u l i n d i c e s which r e l a t e t o 
catchment c o n d i t i o n and sources of storm runoff i n the 
catchment. When the catchment i s wet and overland flow 
becomes important, a l a r g e volume of q u i c k f l o w runoff can be 
expected, combined with a steep f l o o d r i s e . Follov/ing 
Bobrovitskaya (1967) and Wal l i n g (1971a) i n t e n s i t y of f l o o d 
r i s e i s c a l c u l a t e d as the d i f f e r e n c e between peak d i s c h a r g e 
and preceeding baseflow d i s c h a r g e d i v i d e d by the time of 
r i s e i n hours. T o t a l storm p e r i o d p r e c i p i t a t i o n , p r e c i p i -
t a t i o n i n t e n s i t y , catchment wetness and season i n f l u e n c e 
runoff g e n e r a t i o n on catchment s l o p e s and the supply of 
both sediment and s o l u t e s to the stream channel. T o t a l 
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Table 3.5 Independent v a r i a b l e s i n c l u d e d i n m u l t i v a r i a t e 
a n a l y s i s of sediment and s o l u t e dynamics i n the 
Narrator Brook. 
V a r i a b l e 
Peak d i s c h a r g e 
Mean f l o o d p e r i o d 
d i s c h a r g e 
Flood p e r i o d q u i c k -
flow r u n o f f 
Baseflow d i s c h a r g e 
preceeding f l o o d 
event 
I n t e n s i t y o f f l o o d 
r i s e 
T o t a l storm p e r i o d 
p r e c i p i t a t i o n 
Mean storm p e r i o d 
p r e c i p i t a t i o n i n -
t e n s i t y 
Maximum two-hour 
p r e c i p i t a t i o n 
Antecedent p r e -
c i p i t a t i o n ( A . P o l 
S e a s o n a l index 
i Guy 1964 
4 F o s t e r 1978b 
Remge of v a r i a -
t i o n - E n c o u n t e r e d 
During P e r i o d of 
U n i t s O b s e r v a t i o n 
^ / s 68-2146 
Z/s 60-776 
0-87316 
£/s 52-376 
£/s/hr 1.2-405.0 
mm 3.S-78.8 
mm/hr 0.3-9.9 
mm 1,8-35,5 
30 ) mm 0-59.9 
0-1.0 
2 W a l l i n g 1974b 
5 W a l l i n g 1971a 
P r e v i o u s l y Employed 
i n M u l t i v a r i a t e 
S t u d i e s of Stream 
Sediment and S o l u t e 
Dynamics 
1. 2. 3, 4 
2, 
6, 
2, 
3, 6 
7 B o b r o v i t s k a y a 1967 8 Spraggs 1976 
8 
9 
3 Herb 1976 
6 W a l l i n g & Teed 1971 
9 C r y e r 1976 
p r e c i p i t a t i o n and p r e c i p i t a t i o n i n t e n s i t y determine the 
k i n e t i c energy of p r e c i p i t a t i o n . R a i n f a l l energy i s 
commonly used to model both s o i l l o s s and sediment y i e l d 
(e.g. Wischmeier & Smith 1858, Dragoun 1962). However, 
r a i n f a l l energy i n these s t u d i e s i s computed s o l e l y from 
r a i n f a l l depth parameters (Hudson 1971). T e s t s by E l w e l l 
& Sto c k i n g (1974) r e v e a l t h a t depth parameters a r e as 
e q u a l l y e f f e c t i v e as energy parameters i n modelling s o i l 
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l o s s , and are to be p r e f e r r e d s i n c e they are more conven-
i e n t . 
Mean storm p e r i o d p r e c i p i t a t i o n i n t e n s i t y and maximum 
two hour p r e c i p i t a t i o n are both measures of p r e c i p i t a t i o n 
i n t e n s i t y . Mean p r e c i p i t a t i o n i n t e n s i t y i s computed by 
d i v i d i n g the t o t a l p r e c i p i t a t i o n of a storm event by i t s 
d u r a t i o n . When a storm event i n c l u d e s two or more e p i -
sodes of p r e c i p i t a t i o n separated by dry p e r i o d s which may 
be up to e i g h t hours i n d u r a t i o n , mean i n t e n s i t y can be-
come u n r e p r e s e n t a t i v e . Maximum sh o r t p e r i o d i n t e n s i t i e s 
are more s e n s i t i v e . S h o r t e r p e r i o d i n t e n s i t i e s than the 
two hour p e r i o d used i n the p r e s e n t study would probably 
prove more e f f e c t i v e . Wischmeier and co-workers employ 
maximum half - h o u r p r e c i p i t a t i o n i n t e n s i t i e s f o r modelling 
r a t e s of s o i l e r o s i o n and stream sediment t r a n s p o r t 
(Wischmeier e t a l 1957, Wischmeier & Smith 1962, Wischmeier 
1977) and maximum 5 minute i n t e n s i t y i s used by F o u r n i e r 
(1972) f o r the same purpose. U n f o r t u n a t e l y the auto-
g r a p h i c p r e c i p i t a t i o n gauges employ-ed i n the Narrator 
catchment, which operate on a weekly c y c l e , do not supply 
a s u f f i c i e n t l y d e t a i l e d r e c o r d to permit determination of 
s h o r t e r p e r i o d i n t e n s i t i e s than two hours, w i t h i n a c c e p t -
able l i m i t s of acc u r a c y . 
Baseflow d i s c h a r g e and antecedent p r e c i p i t a t i o n a r e a l l 
measures of catchment wetness. Baseflow d i s c h a r g e p r e -
ceeding a f l o o d event has been used by Guy (1964), W a l l i n g 
(1971a) and o t h e r s f o r t h i s purpose. I n the Narrator 
catchment baseflow d i s c h a r g e i s r e l a t i v e l y i n s e n s i t i v e to 
f l u c t u a t i o n s i n wetness of the catchment s u r f a c e . Up to 
10mm of_.li g h t r a i n can f a l l i n the IJ a r r a t o r catchment 
without any measureable e f f e c t upon streamflow. For t h i s 
reason antecedent p r e c i p i t a t i o n i s l i k e l y to be a more 
e f f e c t i v e index of catchment wetness. The 30 day decay 
index, API^^, f i r s t d e v i s e d by Osborn & Lane (1969), has 
p r e v i o u s l y been used a s a measure of catchment wetness by 
Weyman (1974), and Spraggs (1976). 
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API 30 •1 Z i ^30^ (3.4) 
where P i i s the p r e c i p i t a t i o n on the Nth day preceeding 
the storm event. 
T h i s index p r e f e r e n t i a l l y weights p r e c i p i t a t i o n for days 
c l o s e r to the storm event. 
The s e a s o n a l index i s t h a t used p r e v i o u s l y by C r y e r 
(1976) and computed from: 
D - 183 (= 0 to 1.0, r e g a r d l e s s of 
s i g n ) (3.5) 
where D i s the number of days s i n c e the preceeding 1 s t - of 
January. T h i s index corresponds c l o s e l y with s e a s o n a l 
f l u c t u a t i o n s i n e v a p o t r a n s p i r a t i o n r a t e s i n the catchment, 
for which i t may be c o n v e n i e n t l y regarded as a surrogate 
( f i g 3.10). E v a p o t r a n s p i r a t i o n p a r t l y c o n t r o l s catchment 
wetness, which i n turn i n f l u e n c e s the a v a i l a b i l i t y of sedi-
ment on catchment s l o p e s . D e t a i l e d r e c o r d s of evapotrans-
p i r a t i o n f o r the N a r r a t o r catchment, however, were unav a i l -
able during the p e r i o d of r e s e a r c h . 
F i g 
— Seosonoi inden 
Potential evopotranspiratior 
0-7 w 
J J A S O N O j j F M A M J J 
\975 ' ^ 
R e l a t i o n between s e a s o n a l index and estimated 
p o t e n t i a l e v a p o t r a n s p i r a t i o n i n the Narrator 
catchment f o r the p e r i o d May 1975 to Dec. 1976 
( T o t a l monthly p o t e n t i a l e v a p o t r a n s p i r a t i o n i n 
the Narrator catchment, mean a l t i t u d e 334m above 
0.0., i s estimated from a mean of data at Plymouth 
20m above O.D., and Princetown, 6 20m above O.D.) 
101 
3.3,3 Multivariate Analysis 
M u l t i p l e r e g r e s s i o n i s without doubt the most popular 
m u l t i v a r i a t e technique i n the a n a l y s i s of temporal v a r i a -
t i o n s i n stream sediment and s o l u t e t r a n s p o r t (e.g. Guy 1964, 
Walling 1971a, Walling & Teed 1971, Herb 1976,"7'. 
Wood 1977, F o s t e r 1978b). A major problem f a c i n g such 
s t u d i e s i s m u l t i c o l l i n e a r i t y . S i n c e h y d r o l o g i c a l response 
i s determined by hydrometeorological c o n d i t i o n s / a high de-
gree of i n t e r c o r r e l a t i o n between the independent hydro-
l o g i c a l and hydrometeorological v a r i a b l e s i s only to be ex-
pected. One of the two p r i n c i p l e uses f o r m u l t i p l e r e -
g r e s s i o n i s f o r p r e d i c t i o n . A goal of the present r e s e a r c h 
i s to e s t a b l i s h p r e d i c t i v e equations by m u l t i p l e r e g r e s s i o n 
whereby short term f l u v i a l t r a n s p o r t r e c o r d s may be extended 
by r e f e r e n c e to long term h y d r o l o g i c a l and hydrometeorologi-
c a l r e c o r d s . M u l t i c o l l i n e a r i t y does not a f f e c t the p r e -
d i c t i v e use of m u l t i p l e r e g r e s s i o n . I t does, however, 
s e r i o u s l y impair the p h y s i c a l i n t e r p r e t a t i o n of r e s u l t s w i t h 
r e s p e c t to deducing the u n d e r l y i n g p r o c e s s e s and mechanisms. 
M u l t i p l e r e g r e s s i o n i n f l u v i a l t r a n s p o r t s t u d i e s i s more 
commonly used f o r t h i s purpose than for p r e d i c t i o n . 
I n order to make any meaningful i n f e r e n c e s from m u l t i p l e 
r e g r e s s i o n i t i s n e c e s s a r y to i s o l a t e the t r u l y independent 
c o n t r o l s . For t h i s reason, Imeson (1969) advocates the 
use of p r i n c i p l e component a n a l y s i s . A major drawback of 
p r i n c i p l e component a n a l y s i s i s t h a t i t i s not a p r e d i c t i v e 
t o o l . 
I n the p r e s e n t study the t r u l y independent c o n t r o l s were 
i s o l a t e d from m u l t i p l e r e g r e s s i o n a n a l y s i s by u s i n g a 
"forward e l i m i n a t i o n technique" d e s c r i b e d by Mather (1976). 
The f i r s t step i s to s e l e c t among the l i s t of independent 
v a r i a b l e s the one having the h i g h e s t s i g n i f i c a n t c o r r e l a t i o n 
with the dependent v a r i a b l e and e n t e r i t i n the r e g r e s s i o n . 
The remaining v a r i a b l e s are then t e s t e d by means of a par-
t i a l F - t e s t , to see which adds most s i g n i f i c a n t l y to the 
r e g r e s s i o n . T h i s procedure i s continued u n t i l none of the 
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remaining v a r i a b l e s add s i g n i f i c a n t l y to the m u l t i p l e r e -
g r e s s i o n a t the 0.01 l e v e l . I t can then be concluded t h a t 
any v a r i a b l e which f a i l s to c o n t r i b u t e s i g n i f i c a n t l y to the 
r e g r e s s i o n has no s i g n i f i c a n t independent e f f e c t upon the 
dependent v a r i a b l e . The 0.01 l e v e l of s i g n i f i c a n c e i s 
adopted as the miminum ac c e p t a b l e l e v e l s i n c e i n r e g r e s s i o n s 
with as many as 10 independent v a r i a b l e s the 0.05 l e v e l i s 
not s u f f i c i e n t l y s t r i n g e n t . 
I t i s of c r i t i c a l importance with r e s p e c t to i n t e r p r e t a -
t i o n of m u l t i p l e r e g r e s s i o n r e s u l t s t h a t a l l p o s s i b l e v a r i a -
b l e s , both h y d r o l o g i c a l and hydrometeorological, which co u l d 
l o g i c a l l y c o n t r i b u t e to v a r i a n c e i n f l u v i a l t r a n s p o r t r a t e s 
are i n c l u d e d i n the a n a l y s i s . No p h y s i c a l meaning can be 
attached to a s i g n i f i c a n t c o n t r i b u t i o n to e x p l a n a t i o n i n 
v a r i a n c e of the dependent v a r i a b l e by an independent v a r i a b l e 
u n l e s s t h i s has been achieved i n competition with a l l other 
v a r i a b l e s t h a t might be expected to have some i n f l u e n c e . 
Both log transformed and untransformed data were t e s t e d 
i n m u l t i p l e r e g r e s s i o n a n a l y s i s . H y d r o l o g i c a l data are 
c h a r a c t e r i s t i c a l l y skewed ; i n a p o s i t i v e d i r e c t i o n . I n 
a n a l y s i s of both storm p e r i o d sediment c o n c e n t r a t i o n s and 
bedload t r a n s p o r t r a t e s , log t r a n s f o r m a t i o n , which n o r m a l i z e s 
p o s i t i v e l y skewed data, provided m a r g i n a l l y b e t t e r explana-
t i o n of v a r i a n c e than untransformed data. 
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CHAPTER 4 
SEDIMENT YIELD AND SEDIMENT SOURCES 
4.1 G e n e r a l c o n s i d e r a t i o n s 
4.1.1 Sediment source categories 
The sediment y i e l d of streams i s a r e f l e c t i o n of both 
the nature and l o c a t i o n of s p e c i f i c sediment sources i n the 
catchment. Sediment sources i n a catchment may be many 
and v a r i e d and sediment y i e l d from the catchment r e p r e s e n t s 
a composite of supply from s e v e r a l s o u r c e s . Not only does 
each source d e l i v e r sediment with d i f f e r i n g p a r t i c l e s i z e 
d i s t r i b u t i o n , but supply from each i s c o n t r o l l e d by d i f f e r -
ing dynamics. I n order to understand and thereby d e f i n e 
stream sediment dynamics i n a meaningful way, source 
p a t t e r n s i n the catchment need f i r s t to be i d e n t i f i e d . 
Sediment sources are commonly separated i n t o two broad 
c a t e g o r i e s . These are sheet e r o s i o n of catchment s l o p e s and 
e r o s i o n of stream c h a n n e l s . Within t h e s e two groups 
s p e c i f i c source a r e a s may be i d e n t i f i e d such as a con-
s t r u c t i o n s i t e or an eroding stream bank b l u f f . 
Sheet e r o s i o n i s the removal of p a r t i c l e s from the 
s o i l s u r f a c e by the a c t i o n of both r a i n s p l a s h and over-
land flow. Rain s p l a s h i s g e n e r a l l y considered to be 
p r i m a r i l y an agent of detachment reducing s o i l aggregates . 
to primary p a r t i c l e s by impact, while overland flow i s r e -
garded p r i m a r i l y as an agent of t r a n s p o r t conveying from 
the s i t e of e r o s i o n the s o i l p a r t i c l e s made a v a i l a b l e by 
r a i n s p l a s h (Morgan 1979). I t i s apparent, however, t h a t 
these r o l e s are by no means f i x e d . Although i t i s o f t e n 
considered t h a t o v e r l and flow i s i n e f f e c t i v e as an agent 
of e r o s i o n i n i t s own r i g h t s i n c e flow depth i s i n s u f f i -
c i e n t to generate the turbulence r e q u i r e d , o b s e r v a t i o n s 
by Emmett (1978) on e r o s i o n p l o t s led him to conclude t h a t 
overland flow i s capable of e r o s i o n even though i t i s 
w i t h i n the laminar flow regime. Conversely, when s o i l 
p a r t i c l e s on a slope are thrown upward by r a i n s p l a s h t h e r e 
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i s a net downslope t r a n s f e r of- s o i l p a r t i c l e s due to the 
i n f l u e n c e of g r a v i t y , so t h a t s o i l s p l a s h i s a l s o able to 
c o n t r i b u t e to the work of t r a n s p o r t ( E l l i s o n 1945). 
Sediment s u p p l i e d from sheet e r o s i o n i s r e l a t i v e l y f i n e 
grained. T h i s i s due to the i n a b i l i t y of overland flow to 
t r a n s p o r t l a r g e p a r t i c l e s to the stream channel and a l s o 
r e f l e c t s the l a r g e proportion of a v a i l a b l e f i n e s i n most 
s o i l s . 
The s i z e of p a r t i c l e s d e r i v e d from channel bank 
e r o s i o n i s determined e n t i r e l y by the p a r t i c l e s i z e com-
p o s i t i o n of bank m a t e r i a l . Depending upon flow c o n d i t i o n s , 
the f i n e r f r a c t i o n of sediment eroded from stream banks may 
enter d i r e c t l y i n t o suspended sediment t r a n s p o r t . The 
c o a r s e r f r a c t i o n f a l l s to the stream bed where i t i s s t o r e d 
as bed m a t e r i a l . P a r t i c l e s i n bed m a t e r i a l storage are 
t r a n s p o r t e d , e i t h e r as bedload or i n suspension, when stream 
power becomes s u f f i c i e n t to e n t r a i n them. The process of 
stream bank e r o s i o n i n v o l v e s the detachment of sediment 
p a r t i c l e s from submerged ar e a s of channel banks by the 
e r o s i v e a c t i o n of the stream, although s u b - a e r i a l p r o c e s s e s 
on exposed a r e a s of the b a n k , p a r t i c u l a r l y f r o s t v/eathering, 
may a l s o play a p a r t ( H i l l 1973, McGreal & Gardiner 1977). 
VJhere the top of the banks are r e i n f o r c e d by r i p a r i a n vege-
t a t i o n u n d e r c u t t i n g may occur with p e r i o d i c bank c o l l a p s e . 
T h i s s i t u a t i o n i s common along much of the Narrator Brook, 
p a r t i c u l a r l y o u t s i d e the f o r e s t area where the t u r f mat 
p r o t e c t i n g the channel i s t h i c k . 'At some of the channel 
c r o s s - s e c t i o n s surveyed o u t s i d e the f o r e s t , the extent of 
undercutting i s such t h a t the width of the stream bed 
approaches twice the water s u r f a c e wi'dth ( f i g 2.12). 
Although i n terms of the p r o c e s s e s i n v o l v e d t h e r e 
appears to be a c l e a r d i s t i n c t i o n between channel sources 
and slope s o u r c e s , i n p r a c t i c e t h e r e i s c o n s i d e r a b l e over-
l a p . Rain s p l a s h , more commonly a s s o c i a t e d with sheet 
e r o s i o n , may be r e s p o n s i b l e for detachment of sediment 
p a r t i c l e s from exposed p a r t s of stream banks. In 
ephemeral channels sediment p a r t i c l e s made a v a i l a b l e f o r 
t r a n s p o r t by r a i n s p l a s h are f l u s h e d from the channel when 
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i t i s next occupied by streamflow 
4.1.2 Methods of sediment source analysis 
Two broad s t r a t e g i e s have been employed i n p r e v i o u s 
s t u d i e s to determine the r e l a t i v e c o n t r i b u t i o n to stream 
sediment t r a n s p o r t from s p e c i f i c sources i n the catchment. 
The f i r s t i n v o l v e s measurement of e r o s i o n a t source a r e a s . 
Channel e r o s i o n i s r e l a t i v e l y l o c a l i s e d and thus r a t e s of 
e r o s i o n at a s i t e are o f ten s u f f i c i e n t l y r a p i d to permit 
d i r e c t measurement. Techniques t h a t have been employed 
i n B r i t a i n to measure, channel e r o s i o n i n c l u d e p e r i o d i c 
r e s u r v e y s , time lapse photography^and the use of e r o s i o n 
p i n s ( H i l l 1973, P o t t e r 1973, Lewin e t a l 1974, McGreal 
& Gardiner 1977). Sheet e r o s i o n i s more widespread than 
channel e r o s i o n and consequently r a t e of change at a s i t e 
i s small rendering d i r e c t measurement d i f f i c u l t . D i r e c t 
measurement has been attempted i n B r i t a i n u s i n g e r o s i o n 
p i n s (Bridges & Harding 1971, Imeson 1971b, Haigh 1977). 
Sediment t r a p s have a l s o been employed f o r t h i s purpose 
(Young 1960, Kirkby 1967). However, according to 
Megehan & Nowlin (1976, p 4-126): "Actual measurements of 
s o i l e r o s i o n on a watershed s c a l e are fraught with sampling 
and .measurement d i f f i c u l t i e s t h a t have been insurmountable 
to date." Although d i r e c t measurement of sheet e r o s i o n 
may be u n f e a s i b l e , sheet e r o s i o n can be estimated from s o i l 
e r o s i o n models such as the U n i v e r s a l S o i l Loss Equation. 
However, the major drawback with measuring e r o s i o n 
r a t e s a t source a r e a s i s t h a t these r a t e s cannot be d i r e c t l y 
compared to sediment y i e l d to a s s e s s t h e i r c o n t r i b u t i o n . 
T h i s i s because not a l l sediment r e l e a s e d by e r o s i o n a t 
source a r e a s i s t r a n s p o r t e d from the catchment as sediment 
y i e l d , A proportion of the sediment, depending upon the 
l o c a t i o n of the source and the p a r t i c l e s i z e d i s t r i b u t i o n 
of eroded m a t e r i a l , may become s t o r e d i n the catchment. 
Sediment d e r i v e d from sheet e r o s i o n may be r e d e p o s i t e d on 
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lower s l o p e s before reaching the stream channel. The 
f a c t o r s c o n t r o l l i n g the d e l i v e r y of sediment from sheet 
e r o s i o n to the catchment o u t l e t i n c l u d e c l i m a t e , land use, 
l o c a l environment and gen e r a l physiography ( P i e s t 1970). 
E m p i r i c a l equations have been developed to p r e d i c t de-
l i v e r y r a t e s f o r sheet e r o s i o n (e.g. Maner 1958, Roehl 
1962) but Dickenson & Wall (1977) b e l i e v e t h a t because of 
the complexity i n v o l v e d , p r e d i c t i o n of d e l i v e r y r a t e s f o r 
sheet e r o s i o n i s never l i k e l y to be s u c c e s s f u l . Sediment 
d e r i v e d from both sheet e r o s i o n and channel e r o s i o n may 
a l s o be st o r e d w i t h i n the channel. The most obvious 
storage of sediment i n the channel i s bed m a t e r i a l which 
i n most streams c o n s i s t s of p a r t i c l e s l a r g e r than 
those normally t r a n s p o r t e d i n suspension. However, f i n e s 
can a l s o be s t o r e d i n the stream channel i n l a r g e q u a n t i t y , 
p a r t i c u l a r l y i n streams where d e b r i s dams are common. 
Sediment trapped behind d e b r i s dams i s r e l e a s e d when the 
dam f a i l s . The importance of d e b r i s dams to the sediment 
regime of smal l streams has been s t r e s s e d by Megehan & 
Nowlin .(1976). Small d e b r i s dams do appear f or s h o r t 
p e r i o d s a t v a r i o u s l o c a t i o n s along the Narrator Brook. 
Debris i s provided by deciduous t r e e s c l o s e to the channel 
which shed l e a v e s , twigs and s m a l l branches i n t o the stream 
These dams may be r e s p o n s i b l e f o r r e g u l a t i n g t r a n s p o r t of 
sediment i n the Narrator Brook to some degree. 
The second major approach to e s t a b l i s h i n g the c o n t r i b u -
t i o n of v a r i o u s sources to stream sediment y i e l d i s through 
comparison of the c h a r a c t e r i s t i c s of stream sediment and 
source m a t e r i a l s . Min'eralogical c h a r a c t e r i s t i c s have 
o c c a s i o n a l l y been used f o r t h i s purpose (e.g. Wall & 
Wilding 1976, Wood 1978, O l d f i e l d e t a l 1979). More 
commonly, however, p a r t i c l e s i z e d i s t r i b u t i o n s are compared 
The proportion of t o t a l suspended sediment which o r i g i n a t e s 
a t the stream bed has been estimated i n some streams by 
comparison of the p a r t i c l e s i z e d i s t r i b u t i o n of suspended 
sediment and bed m a t e r i a l ( E i n s t e i n e t a l 1940, Johnson 
1943, Hubbell & Matejka 1959). F i n e s t r a n s p o r t e d i n s u s -
pension which are poorly r e p r e s e n t e d i n bed m a t e r i a l a re 
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a t t r i b u t e d by t h i s method t o s o u r c e s o t h e r t h a n t h e s t r e a m 
bed and a r e d e d u c t e d from t o t a l s u s p e n ded s e d i m e n t t o ob-
t a i n t h e c o n t r i b u t i o n from bed m a t e r i a l . S i m i l a r l y V i c e 
e t a l (1968) e s t i m a t e t h e r a t e o f s h e e t e r o s i o n i n t h e 
ca t c h m e n t o f t h e S c o t t Run B a s i n , V i r g i n i a , U.S.A. from a 
c o m p a r i s o n o f t h e p a r t i c l e s i z e d i s t r i b u t i o n o f s t r e a m 
s e d i m e n t s w i t h cat9hment s o i l s . They assumed t h a t a l l 
e r o d e d s o i l of c l a y s i z e a n d ' f i n e r i s d e l i v e r e d e n t i r e l y t o 
t h e s t r e a m , and the c o a r s e f r a c t i o n o f e r o d i n g s o i l n o t 
p r e s e n t i n s t r e a m s e d i m e n t s i s r e d e p o s i t e d on i t s way t o 
t h e s t r e a m c h a n n e l . U s i n g t h e same g e n e r a l a p p r o a c h , L e w i n 
e t a l (1974) compare t h e p a r t i c l e s i z e d i s t r i b u t i o n o f bed 
m a t e r i a l and bank m a t e r i a l t o e s t i m a t e t h e s u p p l y o f s u s -
pended s e d i m e n t from bank e r o s i o n . They assumed t h a t t h e 
s o l e s o u r c e o f bed m a t e r i a l i s bank e r o s i o n , and t h a t t h e 
f i n e f r a c t i o n o f bank m a t e r i a l n o t p r e s e n t i n t h e s t r e a m 
bed h a s been d i s c h a r g e d a s s u s p e n d e d s e d i m e n t . 
A m a j o r c r i t i c i s m o f t h i s s e c o n d method o f s o u r c e 
a n a l y s i s i s t h e l a r g e d e g r e e o f v a r i a b i l i t y i n p a r t i c l e 
s i z e d i s t r i b u t i o n w h i c h i s t y p i c a l o f t h e s o i l c o v e r o f 
most c a t c h m e n t s and t h e bed and bank m a t e r i a l o f t h e 
m a j o r i t y o f s t r e a m s . V i c e e t a l ( 1 9 6 8 ) , f o r example, r e l y 
f o r t h e i r a n a l y s i s upon " t h e s u r p r i s i n g l y c o n s i s t e n t " 
p a r t i c l e s i z e d i s t r i b u t i o n o f s o i l s o v e r t h e 11.8km.^ o f t h e 
S c o t t Run B a s i n ; a s i t u a t i o n w h i c h i s u n l i k e l y t o be 
d u p l i c a t e d i n many o t h e r c a t c h m e n t s o f e q u i v a l e n t s i z e . 
4.1.3 Methods employed in the Nai'rator catchment 
E l e m e n t s o f both methods o f s o u r c e a n a l y s i s d e s c r i b e d 
above were employed i n t h e N a r r a t o r c a t c h m e n t . V i s i b l e 
e v i d e n c e of r e c e n t bank e r o s i o n a l o n g t h e main c h a n n e l o f 
i n t h e f o r e s t s e c t i o n o f t h e N a r r a t o r Brook s u g g e s t 
t h a t t h i s i s l i k e l y t o be a m a j o r . s o u r c e o f s t r e a m 
s e d i m e n t . E s t i m a t e s o f t h e s u p p l y o f s e d i m e n t from 
t h i s s o u r c e were o b t a i n e d by m e a s u r i n g r a t e s o f bank 
e r o s i o n . Contemporary r a t e of bank e r o s i o n i s measured 
by u s e o f e r o s i o n p i n s and l o n g term r a t e o f bank e r o s i o n 
by a n a l y s i s o f downstream v a r i a t i o n s i n c h a n n e l w i d t h , 
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C o m p a r i s o n o f t h e e s t i m a t e d s u p p l y o f s e d i m e n t from bank 
e r o s i o n w i t h s e d i m e n t y i e l d i n d i c a t e s t h e r e l a t i v e i m p o r t -
ance o f t h i s s o u r c e i n r e l a t i o n t o o t h e r s o u r c e s . Contemp-
o r a r y y i e l d o f s e d i m e n t from t h e N a r r a t o r c a t c h m e n t i s 
o b t a i n e d on t h e b a s i s o f s a m p l i n g d u r i n g t h e p e r i o d of 
r e s e a r c h . Long t e r m s e d i m e n t y i e l d i s o b t a i n e d from d e p t h 
o f s e d i m e n t i n t h e B u r r a t o r R e s e r v o i r , C o mparison o f t h e 
p a r t i c l e s i z e d i s t r i b u t i o n s of bank m a t e r i a l and s u s p e n d e d 
s e d i m e n t can p r o v i d e some i n d i c a t i o n o f t h e p r o p o r t i o n o f 
o f bank m a t e r i a l w h i c h c o n t r i b u t e s d i r e c t l y t o s u s p e n d e d 
s e d i m e n t t r a n s p o r t . The r e m a i n d e r i s s t o r e d on t h e s t r e a m 
bed. A s s e s s i n g t h e l i k e l y i m p o r t a n c e o f c a t c h m e n t s l o p e s 
a s a s o u r c e o f s e d i m e n t i s a p p r o a c h e d i n d i r e c t l y by 
a s s e s s i n g t h e e f f e c t i v e n e s s of r a i n s p l a s h and o v e r l a n d 
f l o w , w h i c h a r e t h e two a g e n t s r e s p o n s i b l e f o r s u p p l y i n g 
s e d i m e n t from c a t c h m e n t s l o p e s . _ 
Some i n d i c a t i o n o f t h e r e l a t i v e i m p o r t a n c e o f c h a n n e l and 
s l o p e s o u r c e s c a n a l s o be g a i n e d from m u l t i v a r i a t e a n a l y s i s 
o f t h e f a c t o r s i n f l u e n c i n g s t r e a m s e d i m e n t d y n a m i c s . I f 
c a t c h m e n t s l o p e s were t h e major s o u r c e o f s e d i m e n t , p r e -
c i p i t a t i o n c h a r a c t e r i s t i c s would be e x p e c t e d t o emerge from 
m u l t i v a r i a t e a n a l y s i s a s t h e dominant f a c t o r s . A l t e r n a -
t i v e l y , i f s t r e a m c h a n n e l s were t h e m a j o r s o u r c e o f s e d i -
ment, s t r e a m f l o w c h a r a c t e r i s t i c s would be e x p e c t e d t o 
assume g r e a t e r i m p o r t a n c e t h a n p r e c i p i t a t i o n c h a r a c t e r i s t i c s . 
The r e s u l t s of m u l t i v a r i a t e a n a l y s i s o f s e d i m e n t d y n a m i c s 
i n t h e N a r r a t o r Brook a r e d i s c u s s e d i n c h a p t e r 5. 
4.2 S e d i m e n t y i e l d 
4.2.1 Based upon period of observction 
U l t i m a t e l y , e s t i m a t e d s u p p l y o f s e d i m e n t from any s o u r c e 
has t o be compared w i t h s e d i m e n t y i e l d t o d e t e r m i n e i t s 
c o n t r i b u t i o n to s e d i m e n t t r a n s p o r t . T o t a l y i e l d o f s u s -
pended s e d i m e n t from t h e N a r r a t o r c a t c h m e n t d u r i n g t h e 
p e r i o d o f o b s e r v a t i o n , 25/5/75 t o 13/12/76, amounted t o 
1 8 . 8 2 t . T r a n s p o r t o f sedi.v.ent a s b e d l o a d f o r t h i s p e r i o d 
was i n t h e r e g i o n o f 0 . 4 3 t . The a c t u a l amount o f b e d l o a d 
t r a n s p o r t e d may be somewhat g r e a t e r t h a n t h i s v a l u e s i n c e 
on f i v e o c c a s i o n s d u r i n g t h e p e r i o d o f o b s e r v a t i o n t h e 
c a p a c i t y o f the b e d l o a d t r a p a p p e a r s t o have been e x c e e d e d . 
To what e x t e n t t h e s e y i e l d s a r e representative of t h e l o n g 
term i s u n c e r t a i n . The 19 month p e r i o d o f s e d i m e n t ob-
s e r v a t i o n i n t h e N a r r a t o r Brook was u n u s u a l l y d r y . N e v e r -
t h e l e s s , s i n c e t o t a l p r e c i p i t a t i o n o v e r t h i s p e r i o d e x c e e d s 
a n n u a l p r e c i p i t a t i o n (1907 mm and 1568 mm r e s p e c t i v e l y ) and 
s i n c e t h e p e r i o d i n c l u d e d some u n u s u a l l y i n t e n s e r a i n s t o r m s , 
i t i s p r o b a b l y s a f e t o c o n c l u d e t h a t s e d i m e n t y i e l d f o r t h e 
p e r i o d e x c e e d s mean a n n u a l y i e l d f o r t h e N a r r a t o r c a t c h m e n t . 
4,2.2 Based upon reservoir sedimentation 
S e d i m e n t a t i o n i n a r e s e r v o i r c a n p r o v i d e a v a l u a b l e 
means o f o b t a i n i n g an e s t i m a t e o f mean a n n u a l s e d i m e n t 
y i e l d . The t o t a l amount o f s e d i m e n t i n t h e r e s e r v o i r , 
w h i c h i s o b t a i n e d from v o l u m e t r i c s u r v e y o f some k i n d , i s 
s i m p l y d i v i d e d by t h e age o f t h e r e s e r v o i r t o g i v e mean 
a n n u a l i n f l o w of s e d i m e n t . T h i s method i s v e r y o f t e n em-
p l o y e d i n t h e U n i t e d S t a t e s where r a p i d r a t e s o f s e d i m e n -
t a t i o n a b s o r b any measurement e r r o r , b u t h a s a l s o been u s e d 
e f f e c t i v e l y i n B r i t a i n (Young 1958, Cummins & P o t t e r 1972, 
L e d g e r e t a l 1 974) . 
Suspended s e d i m e n t from t h e B u r r a t o r c a t c h m e n t o f w h i c h 
t h e N a r r a t o r c a t c h m e n t forms a p a r t , h a s been a c c u m u l a t i n g 
c o n t i n u o u s l y i n t h e B u r r a t o r R e s e r v o i r s i n c e t h e c o m p l e t i o n 
o f t h e B u r r a t o r Dam i n 1899 ( p l a t e 4 . 1 ) . B e d l o a d i s p r e -
v e n t e d from e n t e r i n g t h e r e s e r v o i r by a s m a l l s e d i m e n t t r a p 
a t t h e head of t h e r e s e r v o i r w h i c h i s p e r i o d i c a l l y e v a c u a t e d 
I n 1950 t h e d e p t h of s e d i m e n t i n t h e r e s e r v o i r was s u r v e y e d 
by t h e South-West Water A u t h o r i t y f o r t h e f i r s t t i m e s i n c e 
t h e c r e a t i o n o f t h e r e s e r v o i r . I n B r i t a i n , where r a t e s o f 
s e d i m e n t a t i o n a r e s l o w , s e d i m e n t s u r v e y s a r e g e n e r a l l y 
u n d e r t a k e n a f t e r t h e r e s e r v o i r s have been d r a i n e d ( e . g . 
Young 1958, Cummins & P o t t e r 1 9 6 7 ) . The B u r r a t o r R e s e r v o i r 
has n e v e r been c o m p l e t e l y d r a i n e d . I n s t e a d , t h e method o f 
s u r v e y * i n v o l v e d t h e l o w e r i n g o f a s o u n d i n g s h a f t from t h e 
s u r f a c e o f t h e r e s e r v o i r i n t o t h e s o f t s e d i m e n t b e n e a t h , 
t h e d e p t h of t h e d e p o s i t s b e i n g i n d i c a t e d by t h e a d h e s i o n 
o f mud t o t h e s h a f t . I n a l l , 49 o b s e r v a t i o n s of d e p t h 
were made by t h i s method s p r e a d o v e r t h e whole r e s e r v o i r 
b a s i n . Depth o f s e d i m e n t a p p e a r s t o be e x c e e d i n g l y 
v a r i a b l e ( f i g 4 . 1 ) . V a r i a t i o n s i n d e p t h from 60cm t o 
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P l a t e 4.1 B u r r a t o r R e s e r v o i r l o o k i n g south-west. Burrator Dam i s on 
the r i g h t and Longstone P e n i n s u l a i n the c e n t r e . 
1 
P l a t e 4.2 Recovering a core of sediment from the B u r r a t o r R e s e r v o i r 
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F i g . 4,1 R e c o r d e d d e p t h s o f s i l ' 
R e s e r v o i r , 1950 
i n t h e B u r r a t o r 
l e s s t h a n 5cms were e n c o u n t e r e d i t h e s p a c e o f o n l y a fev; 
m e t r e s . T h i s i s p r o b a b l y a r e f l e - t i o n o f down s l o p e move-
ment o f s e d i m e n t a f t e r d e p o s i t i o n f i l l i n g s m a l l t o p o g r a p h i c 
d e p r e s s i o n s so t h a t o v e r t i m e t h e s e d i m e n t s u r f a c e becomes 
smoother t h a n t h e o r i g i n a l s u r f a c e of d e p o s i t i o n (Cummins 
& P o t t e r 1 9 7 2 ) . T h e r e i s no r e c o g n i s a b l e s p a t i a l p a t t e r n 
i n s e d i m e n t d e p t h s t o w a r r a n t any a r e a l w e i g h t i n g method o f 
o b t a i n i n g mean d e p t h . T h i s i s c a l c u l a t e d i n s t e a d a s a 
s i m p l e mean o f a l l 49 o b s e r v a t i o n s , g i v i n g a v a l u e o f 
17.8cm. From an a r e a o f 0.67km^ t o t a l volume of s e d i m e n t 
i n t h e B u r r a t o r r e s e r v o i r i s e s t i m a t e d a t 120 OOOm^ . To 
c o n v e r t t o g r a v i m e t r i c d a t a r e q u i r e s some e s t i m a t e o f t h e 
d r y w e i g h t o f s e d i m e n t p e r u n i t volume o f r e s e r v o i r de-
p o s i t s . R e s e r v o i r s e d i m e n t s i n c o r p o r a t e v a r y i n g amounts 
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o f w a t e r d e p e n d i n g upon t h e p a r t i c l e s i z e d i s t r i b u t i o n o f 
t h e s e d i m e n t and d e g r e e o f c o m p r e s s i o n from o v e r l y i n g s e d i -
ment. To d e t e r m i n e t h e w e i g h t o f d r y s e d i m e n t p e r u n i t 
volume n e c e s s i t a t e s t h e p r o c u r e m e n t o f u n d i s t u r b e d s a m p l e s 
of t h e r e s e r v o i r d e p o s i t s . T h i s was u n d e r t a k e n i n 
c o n n e c t i o n w i t h t h e p r e s e n t s t u d y i n t h e summer of 1976. 
C o n v e n t i o n a l l a k e s e d i m e n t c o r e r s p r o v e d i n e f f e c t i v e f o r 
t h i s t a s k due t o t h e s o f t n a t u r e o f t h e d e p o s i t s c o u p l e d 
w i t h a r e s i l i e n t , o f t e n r o c k y , s u b s t r a t u m . I n s t e a d , t h e 
s a m p l e s were c o l l e c t e d m a n u a l l y by sub-aqua d i v e r s whose 
s e r v i c e s were h i r e d f o r t h i s p u r p o s e . The s a m p l e s were 
r e c o v e r e d by means o f an open ended p l a s t i c t u b e w h i c h was 
pushed v e r t i c a l l y i n t o mud s u r f a c e by t h e d i v e r s . A f t e r 
i n s e r t i o n , a r u b b e r bung was f i t t e d i n t h e top end o f t h e 
tube and t h e tube w i t h d r a w n , t h e s e d i m e n t b e i n g r e t a i n e d i n 
t h e tube by s u c t i o n . A f t e r w i t h d r a w a l a s i m i l a r bung was 
p l a c e d i n t h e bottom o f t h e tube b e f o r e i t was b r o u g h t t o 
t h e s u r f a c e ( p l a t e 4 . 2 ) . 
C h o i c e o f s a m p l i n g s i t e i s c r i t i c a l i n v i e w of t h e p o s t -
d e p o s i t i o n a l r e d i s t r i b u t i o n of s e d i m e n t w h i c h p r o b a b l y 
o c c u r s i n t h e r e s e r v o i r . A s i t e was s e l e c t e d on a p a r -
t i c u l a r l y f l a t r e g i o n o f t h e r e s e r v o i r b a s i n , p o s s i b l y 
r e p r e s e n t i n g a f o r m e r r i v e r t e r r a c e , where t h e s e d i m e n t i s 
u n l i k e l y t o have e x p e r i e n c e d d i s t u r b a n c e r e s u l t i n g from 
p o s t - d e p o s i t i o n a l movements ( f i g 4.2)', The a v e r a g e d e p t h 
o f s e d i m e n t r e c o r d e d a t t h i s s i t e was 7.4cm'. T h i s i s 
c o n s i d e r a b l y l e s s t h a n t h e mean v a l u e f o r t h e r e s e r v o i r o f 
17.8cm o b t a i n e d some 26 y e a r s p r e v i o u s l y . The s i t e i s 
s i t u a t e d i n t h e l e e o f t h e L o n g s t o n e P e n i n s u l a and i s d i s -
t a n t from m a j o r s t r e a m i n l e t s ( f i g 4 . 2 ) . I t i s l i k e l y 
t h a t r a t e s o f s e d i m e n t a t i o n i n t h i s l o c a l i t y a r e l o w e r t h a n 
i n o t h e r r e g i o n s o f t h e r e s e r v o i r and s e d i m e n t d e p t h s a r e 
t h e r e f o r e u n r e p r e s e n t a t i v e . I n t h i s s i t u a t i o n t h e most 
p r o f i t a b l e a p p r o a c h i s t o combine t h e i n f o r m a t i o n r e l a t i n g 
t o s e d i m e n t c h a r a c t e r i s t i c s g a i n e d from t h e s e d i m e n t 
sam.ples w i t h the v o l u m e t r i c d a t a from t h e 1950 s u r v e y . 
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F i g . 4.2 B u r r a t o r R e s e r v o i r showing bottom c o n t o u r s 
and l o c a t i o n of sample s i t e 
One o f t h e s e d i m e n t c o r e s was sub-sam.pled a t d e p t h i n -
t e r v a l s o f 1cm from t h e s e d i m e n t s u r f a c e . The s e v e n s u b -
s a m p l e s t h u s o b t a i n e d were weighed t h e n d r i e d a t 105^C f o r 
24 h o u r s , and t h e n r e w e i g h e d . The d r y w e i g h t o f s e d i m e n t 
p e r c u b i c metre of r e s e r v o i r d e p o s i t s (S^); i s t h e n c a l c u -
l a t e d from eq. 4.1 a s s u m i n g a s p e c i f i c g r a v i t y f o r s e d i m e n t 
p a r t i c l e s of 2.65, and a s s u m i n g t h a t t h e s e d i m e n t sample i s 
c o m p l e t e l y s a t u r a t e d . 
m 
m 
w 
(4.1) 
2.65 w a 
w e i g h t o f d r y s e d i m e n t i n t o n n e s p e r c u b i c 
metre o f r e s e r v o i r d e p o s i t s 
wet w e i g h t o f sample o f r e s e r v o i r s e d i m e n t 
d r y w e i g h t o f sample o f r e s e r v o i r s e d i m e n t 
114 
V a l u e s a r e l o w e s t (0.12 t/m^) a t t h e s e d i m e n t w a t e r i n t e r -
f a c e where s e d i m e n t a t i o n i s most r e c e n t and i n c r e a s e s 
s t e a d i l y w i t h d e p t h due t o c o m p r e s s i o n from o v e r l y i n g s e d i -
ments ( f i g 4 . 3 ) . R a t e o f i n c r e a s e d i m i n i s h e s w i t h d e p t h 
u n t i l about mid-depth beyond w h i c h t h e p r o p o r t i o n o f d r y 
s e d i m e n t becomes r e l a t i v e l y c o n s t a n t a t around 0.26 t/m^ . 
U s i n g a mean v a l u e of 0.21 t/m^ t h e t o t a l d r y w e i g h t o f 
s e d i m e n t w h i c h had a c c u m u l a t e d i n t h e B u r r a t o r c a t c h m e n t by 
1950 i s c a l c u l a t e d t o be 25200 t . 
T h i s i s an u n d e r e s t i m a t e of t o t a l i n f l o w o f s e d i m e n t in-
t o t h e r e s e r v o i r s i n c e a p r o p o r t i o n o f s u s p e n d e d s e d i m e n t 
p a s s e s t h r o u g h the r e s e r v o i r and i s d i s c h a r g e d a t i t s o u t -
l e t . T h i s p r o p o r t i o n depends upon t h e v e l o c i t y o f f l o w 
t h r o u g h t h e r e s e r v o i r w h i c h i n t u r n depends upon t h e c a p a -
c i t y o f t h e r e s e r v o i r i n r e l a t i o n t o t h e r a t e o f i n f l o w . 
^ 2H 
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F i g . 4.3 V a r i a t i o n i n m o i s t u r e c o n t e n t w i t h d e p t h 
f o r a c o r e o f B u r r a t o r r e s e r v o i r d e p o s i t s 
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From an e m p i r i c a l r e l a t i o n d e v e l o p e d by Brune ( 1 9 5 3 ) , b a s e d 
upon c a p a c i t y / i n f l o w r a t i o s , t h e p r o p o r t i o n o f s e d i m e n t 
p a s s i n g t h r o u g h t h e B u r r a t o r R e s e r v o i r i s e s t i m a t e d a t 5%. 
A f t e r c o r r e c t i o n f o r t r a p e f f i c i e n c y t h e mean a n n u a l i n f l o w 
o f s e d i m e n t from t h e B u r r a t o r c a t c h m e n t f o r t h e p e r i o d 1899 
t o 1950 becomes 520 t / y r . I f t h i s i s s p r e a d e v e n l y o v e r 
t h e B u r r a t o r c a t c h m e n t t h e n t h e mean a n n u a l c o n t r i b u t i o n 
from t h e N a r r a t o r c a t c h m e n t i s 114 t / y r . T h i s v a l u e 
g r e a t l y o u t w e i g h s t h e 18.8 t o f suspended s e d i m e n t d i s -
c h a r g e d from t h e N a r r a t o r c a t c h m e n t d u r i n g May 1975 t o 
December 1976, a p e r i o d e x c e e d i n g 19 months. T h i s d i s -
p a r i t y between r e s e r v o i r s e d i m e n t a t i o n r a t e s and contem-
p o r a r y s e d i m e n t y i e l d may be e x p l a i n e d e i t h e r by s p a t i a l 
i n b a l a n c e s o f s e d i m e n t p r o d u c t i o n w i t h i n t h e r e s e r v o i r 
c a t c h m e n t , o r a l t e r n a t i v e l y by t e m p o r a l i n b a l a n c e s . I n 
v i e w o f t h e r e p r e s e n t a t i v e n a t u r e o f t h e N a r r a t o r catchm.ent 
i n t e r m s o f s l o p e s , s o i l and v e g e t a t i o n c o v e r , marked 
s p a t i a l i n b a l a n c e s seem i m p r o b a b l e . A more l i k e l y e x p l a n a -
t i o n i s t h a t s e d i m e n t y i e l d s from t h e r e s e r v o i r c a t c h m e n t 
a s a whole have d e c l i n e d s i n c e t h e c r e a t i o n o f t h e r e s e r -
v o i r . T h i s i s p r o b a b l y r e l a t e d t o t h e g r a d u a l improvement 
i n t h e c o n d i t i o n o f t h e c a t c h m e n t , p a r t i c u l a r l y w i t h r e s p e c t 
t o v e g e t a t i o n c o v e r , s i n c e t h e t e r m i n a t i o n o f p r i v a t e 
f a r m i n g a f t e r p u r c h a s e o f t h e c a t c h m e n t a r e a by t h e Plymouth 
C o r p o r a t i o n i n 1916. Holeman and G e i g e r (1965) r e c o r d a 
s i m i l a r d e c l i n e i n s e d i m e n t i n f l o w t o t h e P r e t t y Boy r e s e r -
v o i r , M a r y l a n d , U.S.A. w h i c h t h e y a t t r i b u t e t o c e s s a t i o n o f 
f a r m i n g a c t i v i t y and r e v e r s i o n o f t h e c a t c h m e n t t o i t s 
n a t u r a l s t a t e . 
R e s e r v o i r d e p o s i t i o n i s a v e r y v a l u a b l e t o o l f o r e s -
t i m a t i n g l o n g term c a t c h m e n t s e d i m e n t y i e l d s , b u t g e n e r a l l y 
o n l y mean p e r i o d v a l u e s a r e o b t a i n e d by t h i s method; no 
i n f o r m a t i o n i s p r o v i d e d r e g a r d i n g v a r i a t i o n s i n r a t e s o f 
s e d i m e n t i n f l o w between r e s u r v e y s . S t r a t i f i c a t i o n , how-
e v e r , may be p r e s e n t w i t h i n r e s e r v o i r d e p o s i t s r e s u l t i n g 
from p e r i o d i c i n f l u x of c o a r s e s e d i m e n t d u r i n g h i g h magni-
tude f l o o d e v e n t s . M u r r a y - R u s t (1972) r e l a t e d h o r i z o n s o f 
c o a r s e s e d i m e n t i n r e s e r v o i r d e p o s i t s i n T a n z a n i a t o 
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s p e c i f i c f l o o d e v e n t s i n t h e h y d r o l o g i c a l r e c o r d and t h i s , 
t o g e t h e r w i t h d e s i c c a t i o n h o r i z o n s c a u s e d by p e r i o d i c d r y -
i n g up o f t h e r e s e r v o i r s , e n a b l e d him t o i n v e s t i g a t e tem-
p o r a l v a r i a t i o n s i n r a t e s o f s e d i m e n t a t i o n . A n a l y s i s o f 
t h i s k i n d i s n e c e s s a r i l y l i m i t e d t o u n d i s t u r b e d s e d i m e n t s . 
The B u r r a t o r s e d i m e n t c o r e s were f r o z e n and X - r a y n e g a t i v e s 
p r e p a r e d i n o r d e r t o d e t e r m i n e w h e t h e r any r e c o g n i s a b l e 
s t r a t i f i c a t i o n i s p r e s e n t . D i s c o n t i n u i t i e s i n p a r t i c l e 
s i z e r e s u l t i n d i f f e r e n t i a l d e n s i t y between m i c r o - s t r a t a ; 
c o a r s e s e d i m e n t s a r e more dense t h a n f i n e r s e d i m e n t s s i n c e 
t h e y i n c o r p o r a t e l e s s w a t e r . The a b s o r p t i o n o f X - r a y s i s 
p r o p o r t i o n a l t o t h e d e n s i t y o f t h e m a t e r i a l t h r o u g h w h i c h 
t h e y a r e p a s s e d , t h u s p r o v i d i n g a u s e f u l t e c h n i q u e f o r 
a n a l y s i n g s e d i m e n t s t r a t i g r a p h y . From t h e n e g a t i v e s a 
p o o r l y d e f i n e d s t r a t i f i c a t i o n i n t h e B u r r a t o r R e s e r v o i r de-
p o s i t s was r e v e a l e d . By p a s s i n g t h e n e g a t i v e t h r o u g h a 
d e n s i t o m e t e r , a t r a c e o f d e n s i t y v a r i a t i o n w i t h d e p t h i s 
o b t a i n e d ( f i g 4 . 4 ) . D e n s i t y i n c r e a s e s w i t h d e p t h t o 
a p p r o x i m a t e l y h a l f way down t h e c o r e and t h e r e a f t e r r e m a i n s 
r e l a t i v e l y c o n s t a n t . T h i s c o r r e s p o n d s t o t h e v a r i a t i o n 
w i t h d e p t h o f t h e p r o p o r t i o n a l w e i g h t o f d r y s e d i m e n t i n 
t h e r e s e r v o i r d e p o s i t s ( f i g 4 . 3 ) . The sandy t e x t u r e o f 
t h e former s o i l p r o f i l e c o n t r a s t s w i t h t h e f i n e g r a i n e d , 
s e d i m e n t s above and i t s s u r f a c e i s marked by a s h a r p d i s -
c o n t i n u i t y i n d e n s i t y . S u p e r i m p o s e d on t h e s e g e n e r a l 
t r e n d s a r e s m a l l s c a l e f l u c t u a t i o n s i n d e n s i t y w h i c h may 
be due t o c o n t r a s t s i n p a r t i c l e s i z e between m i c r o - s t r a t a . 
I t i s n o t p o s s i b l e , however, t o e s t a b l i s h a r e l i a b l e 
c h r o n o l o g y f o r t h e m i c r o - s t r a t i f i c a t i o n i n t h e s e d i m e n t by 
r e f e r e n c e t o f l o o d r e c o r d s f o r t h e B u r r a t o r c a t c h m e n t . 
4,3 S e d i m e n t s o u r c e s 
4.3.1 Stream channels 
A s u r v e y o f t h e main c h a n n e l o f t h e N a r r a t o r Brook re^ 
v e a l s t h a t t h e l o w e r s e c t i o n o f t h e c h a n n e l w i t h i n t h e 
1 1 7 
FORMER SOIL PROFILE 
4.4 D e n s i t o m e t e r t r a c e f o r an X-Ray n e g a t i v e o f 
a c o r e of B u r r a t o r R e s e r v o i r d e p o s i t s 
(Depth o f s e d i m e n t i s approx.Scm) 
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c o n i f e r o u s f o r e s t p l a n t a t i o n i s e x p e r i e n c i n g a c c e l e r a t e d 
bank e r o s i o n . T h i s l o w e r c h a n n e l s e c t i o n , w h i c h i s 990 
m e t r e s l o n g , c o n t a i n s a t o t a l o f 425 m e t r e s o f c h a n n e l 
bank w h i c h a p p e a r s by v i s u a l i n s p e c t i o n t o be u n d e r g o i n g 
r a p i d e r o s i o n ( f i g 2 . 1 1 ) . The t o t a l l e n g t h of e r o d i n g 
bank a l o n g t h e r e m a i n i n g 2480 m e t r e s o f t h e N a r r a t o r Brook 
o u t s i d e t h e c o n i f e r o u s f o r e s t p l a n t a t i o n i s o n l y 100 m. 
O u t s i d e t h e f o r e s t , r a p i d bank e r o s i o n i s r e s t r i c t e d t o t h e 
o u t s i d e o f t i g h t bends i n t h e s t r e a m . I n t h i s s i t u a t i o n 
r a p i d bank e r o s i o n i s n o t u n n a t u r a l . R a p i d bank e r o s i o n 
ijithif\ t h e f o r e s t , on t h e o t h e r hand, i s w i d e s p r e a d . 
A c c e l e r a t e d bank e r o s i o n w i t h i n t h e f o r e s t c a n be a t t r i -
b u t e d d i r e c t l y t o a f f o r e s t a t i o n . E x p o s u r e o f t r e e r o o t s 
by bank e r o s i o n p r o v i d e s u n e q u i v o c a b l e e v i d e n c e t h a t t h i s 
e r o s i o n h a s o c c u r r e d s i n c e t h e f o r e s t p l a n t a t i o n was e s -
t a b l i s h e d ( p l a t e 4 . 3 ) . I n extreme c a s e s bank e r o s i o n h a s 
c a u s e d f e l l i n g o f t r e e s c l o s e t o t h e s t r e a m bank ( p l a t e 4.4) 
A c c e l e r a t e d bank e r o s i o n i s p r o b a b l y r e l a t e d t o t h e r e d u c -
t i o n i n t h e t h i c k n e s s and s t r e n g t h o f g r a s s t u r f w i t h i n t h e 
f o r e s t . T u r f a f f o r d s s t r e a m banks a d e g r e e o f p r o t e c t i o n 
from e r o s i o n a s g r a s s r o o t s a c t a s a p o w e r f u l b i n d i n g 
a g e n t . I n t h e f o r e s t s e c t i o n o f t h e N a r r a t o r Brook where 
t u r f a l o n g c h a n n e l m a r g i n s i s t h i n o r a b s e n t , s i g n s o f 
c o n t e m p o r a r y bank e r o s i o n a r e common ( p l a t e s 4.5, 4 . 6 ) , 
An o t h e r p o s s i b l e e x p l a n a t i o n f o r v a r i a t i o n s i n bank 
e r o s i o n r e l a t e s t o t h e c o m p o s i t i o n o f bank m a t e r i a l . 
Schumm {1960, 1963b) from o b s e r v a t i o n s o f c h a n n e l form and 
p r o c e s s i n t h e G r e a t P l a i n s , U.S.A., d e m o n s t r a t e d t h a t t h e 
p r o p o r t i o n o f s i l t and c l a y i n s t r e a m bank m a t e r i a l i s v e r y 
c l o s e l y r e l a t e d t o c h a n n e l geometry and c h a n n e l p a t t e r n . 
He c o n c l u d e d t h a t t h e p r e s e n c e o f f i n e s e n h a n c e d t h e c o -
h e s i v e p r o p e r t i e s o f bank, m a t e r i a l t h e r e b y r e d u c i n g bank 
e r o d i b i l i t y and l i m i t i n g c h a n n e l v / i d t h . I n o r d e r t o de-
t e r m i n e i f d i f f e r e n c e s i n bank m a t e r i a l c o m p o s i t i o n c o n -
t r i b u t e t o g r e a t e r r a t e s o f bank e r o s i o n i n t h e f o r e s t e d 
s e c t i o n of t h e N a r r a t o r Brook, twenty s a m p l e s o f bank 
m a t e r i a l were c o l l e c t e d , t e n a t random l o c a t i o n s w i t h i n t h e 
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P l a t e 4.3 Exposure of t r e e r oots by bank e r o s i o n near St 5 
P l a t e 4.4 F e l l i n g of t r e e by bank e r o s i o n near St 4 
l ? o 
P l a t e 4.5 Bank e r o s i o n near St 6 
p l a t e 4.6 Bank e r o s i o n near St 7. 
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f o r e s t and t e n a t random l o c a t i o n s between S t s 11 and 13 
o u t s i d e t h e f o r e s t . T h e s e s a m p l e s were s u b j e c t e d t o 
p a r t i c l e s i z e a n a l y s i s by t h e d r y s i e v e method. The 
p e r c e n t a g e s i l t p l u s c l a y f o r t h e tv/enty s a m p l e s v a r i e s 
o v e r a wide range from 9.7% t o 82.5% ( t a b l e 4 . 1 ) . The 
mean p e r c e n t s i l t p l u s c l a y f o r t h e t e n f o r e s t s a m p l e s i s 
s l i g h t l y l a r g e r t h a n f o r t h e t e n s a m p l e s c o l l e c t e d o u t s i d e 
t h e f o r e s t ( 5 0.9% and 41.9% r e s p e c t i v e l y ) b u t t h i s 
d i f f e r e n c e i s not s i g n i f i c a n t a t t h e 0.05 l e v e l , C h a n n e l 
bank c o m p o s i t i o n t h u s a p p e a r s t o p l a y a s u b o r d i n a t e r o l e 
t o r i p a r i a n v e g e t a t i o n i n c o n t r o l l i n g bank e r c d i b i l i t y i n 
t h e N a r r a t o r Brook. R i c h a r d s (1977) from r e s e a r c h on t h e 
upper r e a c h e s of t h e R i v e r Fowey i n C o r n w a l l q u e s t i o n s t h e 
T a b l e 4.1 P e r c e n t a g e s o f s i l t p l u s c l a y i n 20 s a m p l e s o f 
bank m a t e r i a l from t h e N a r r a t o r Brook. 
Samples From Samples From 
Stream S e c t i o n Within Stream S e c t i o n Outside 
F o r e s t P l a n t a t i o n ( S t s 3-11) F o r e s t - P l a n t a t i o n ( S t s l i - l 3 ) 
Mean 
60.3 9.7 
49.7 59.2 
28.6 43.6 
82.5 29.8 
46.5 68.9 
39.8 54.3 
42. 1 78.2 
39.7 16.5 
64.4 18.9 
55.4 39.7 
50.9 41.9 
= 1.02 (not s i g n i f i c a n t ) 
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r e l e v a n c e o f Schumm's (1960, 1963b) f i n d i n g s t o s m a l l 
s t r e a m s . The i m p a c t o f r i p a r i a n v e g e t a t i o n i n s m a l l 
c a t c h m e n t s on t h e o t h e r hand h a s been c l e a r l y d e m o n s t r a t e d 
by p r e v i o u s r e s e a r c h . Orme and B a i l e y ( 1 9 7 1 ) , f o r 
example, d e s c r i b e how d e s t r u c t i o n o f r i p a r i a n v e g e t a t i o n by 
f i r e i n t h e Monroe Canyon, S o u t h e r n C a l i f o r n i a , r e s u l t e d i n 
a c c e l e r a t e d bank e r o s i o n and i n c r e a s e d c h a n n e l w i d t h - d e p t h 
r a t i o s . Zimmerman e t a l (1967) d i s c o v e r e d from r e s e a r c h on 
s m a l l s t r e a m s i n M a r y l a n d t h a t f o r a g i v e n d r a i n a g e a r e a 
c h a n n e l w i d t h s under f o r e s t a r e up t o t e n t i m e s g r e a t e r 
t h a n i n t h e open due t o t h e l a c k o f p r o t e c t i v e t u r f . They 
f i n d , however, t h a t f o r c a t c h m e n t s above 15kra^ i n s i z e 
v e g e t a t i o n c o n t r o l o f c h a n n e l form f a l l s away. • P r e s u m a b l y 
a s c a t c h m e n t s and s t r e a m c h a n n e l s become l a r g e r , c h a n n e l 
bank c o m p o s i t i o n b e g i n s t o e x e r t a more dominant c o n t r o l . 
S i n c e i t seemed l i k e l y from o b s e r v a t i o n s t h a t c h a n n e l 
banks i n t h e l o w e r N a r r a t o r Brook would form a m a j o r s o u r c e 
o f s e d i m e n t a t t e m p t s were made t o measure r a t e o f e r o s i o n . 
The f i r s t of 2 methods employed i n t h e N a r r a t o r c a t c h m e n t t o • 
measure bank e r o s i o n i n v o l v e d t h e u s e o f e r o s i o n p i n s . 
At t h e s t a r t of t h e p e r i o d o f s e d i m e n t o b s e r v a t i o n s i n 
t h e N a r r a t o r Brook, f i f t y p a i r s o f z i n c p l a t e d s i x i n c h 
(150 mm) n a i l s were i n s e r t e d i n t o s t r e a m banks on o p p o s i t e 
s i d e s o f t h e c h a n n e l a t randomly s e l e c t e d l o c a t i o n s c o v e r i n g 
t h e e n t i r e main c h a n n e l . The heads o f t h e e r o s i o n p i n s 
v/ere l e f t p r o t r u d i n g by 20 mm i n o r d e r t o r e c o r d any bank 
a c c r e t i o n s h o u l d i t o c c u r . On i n s t a l l a t i o n a c c u r a t e 
measurements were a l s o t a k e n from t h e head o f e a c h p i n 
down t o t h e s t r e a m bed t o o b t a i n i n f o r m a t i o n on a g g r a d a t i o n 
and s c o u r i n t h e c h a n n e l . At t h e end o f t h e p e r i o d o f 
se d i m e n t o b s e r v a t i o n s , d i s t a n c e s from p i n head t o bank and 
p i n head t o s t r e a m bed were r e m e a s u r e d . 
Of t h e o r i g i n a l 100 p i n s , 72 were r e c o v e r e d w h i c h 
y i e l d e d e v i d e n c e o f both bank e r o s i o n and a c c r e t i o n i n t h e 
N a r r a t o r Brook ( t a b l e 4 . 2 ) . The f a t e o f t h e 28 w h i c h 
c o u l d not be found i s i n many c a s e s u n c e r t a i n . Some p i n s 
a p p e a r , from s i g n s o f f r e s h e r o s i o n a t t h e s i t e , t o have 
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Table 4.2 R e s u l t s of bank e r o s i o n p i n experiment. N a r r a t o r 
Brook, 1975/76. 
I n d i v i d u a l Recordings 
Stream S e c t i o n Within F o r e s t P l a n t a t i o n - t o t a l number 
of p i n s r e c o v e r e d , 23. 
Stream Bank E r o s i o n 5,5,5,10,10,30,55 mm 
Stream Bank A c c r e t i o n 5,10,10,15,15 mm 
Stream Bed Aggradation 1,2,3,5,6,9,15,17,22,30 cm 
Stream Bed Scour 2,2,4,4,5,6,12,20 cm 
Stream S e c t i o n Outside F o r e s t P l a n t a t i o n - t o t a l number 
of p i n s r e c o v e r e d , 49, 
Stream Bank E r o s i o n 5,5,5,20 mm 
Stream Bank A c c r e t i o n 5,5,lO mm 
Stream Bed Aggradation 1,1,1,1,2,2,3,3,3,4,7,8, 
11,15 cm 
Stream Bed Scour 1,1,1,2,2,2,2,3,3,3,4,4, 
4,5,7,10 cm 
Data Summary 
Number of p i n s r e c o r d i n g bank e r o s i o n 
Mean g r o s s e r o s i o n 
Number of p i n s r e c o r d i n g bank a c c r e t i o n 
Mean gr o s s bank a c c r e t i o n 
Mean net bank e r o s i o n 
F o r e s t 
7 
5.2 mm 
5 
2.4 mm 
2 .8 mm 
Open 
4 
0.7 mm 
3 
0.4 ram 
0.3 mm 
Number of p i n s r e c o r d i n g aggradation 
Mean g r o s s aggradation 
Number of p i n s r e c o r d i n g scour 
Mean g r o s s scour 
Mean net aggradation 
10 
4.8 cm 
3 
2.4 cm 
2.4 cm 
14 
1.3 cm 
16 . 
1.1 cm 
0.2 cm 
been removed by e r o s i o n . T h i s would probably e n t a i l "at 
l e a s t 70 mms of e r o s i o n to di s l o d g e the pin from the bank 
T h i s i s not e x c e s s i v e s i n c e r a t e s of e r o s i o n recorded by 
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p i n s s t i l l i n p l a c e ranged up to 55 mm. Some of the p i n s 
which could not be r e l o c a t e d may have been buried by bank 
a c c r e t i o n . I n such c a s e s a c c r e t i o n would have to exceed 
20 mm. T h i s again i s not u n l i k e l y s i n c e 8 of the 72 p i n s 
which were recovered recorded a c c r e t i o n ranging up to 15 mm 
Data from recovered p i n s r e v e a l s a l a r g e degree of 
v a r i a b i l i t y i n recorded changes to both stream banks and 
stream bed between s i t e s ( t a b l e 4.2). While some p i n s 
recorded no measurable change over 19 months, o t h e r s r e -
corded changes i n the stream banks ranging from +15 mm to 
-55 mm and changes i n stream bed from + 30 cm to -20 cm. 
These v a r i a t i o n s r e f l e c t v a r i a b i l i t y along the channel of 
stream v e l o c i t y , channel geometry, bed and bank m a t e r i a l , 
r i p a r i a n v e g e t a t i o n and the p o s i t i o n of the thalweg r e l a -
t i v e to channel banks, among other f a c t o r s . A s i m i l a r 
l a r g e degree of v a r i a b i l i t y among i n d i v i d u a l o b s e r v a t i o n s 
from stream bank e r o s i o n p i n s was obtained by Lewin & 
B r i n d l e (1977) i n a smal l Welsh catchment. 
Despite the wide range of v a r i a t i o n i n the e r o s i o n p i n 
data, a c l e a r c o n t r a s t emerges between the s e c t i o n of the 
Narrator Brook p a s s i n g through f o r e s t p l a n t a t i o n and the 
remainder of the stream. Outside the f o r e s t , only 8% of 
the e r o s i o n p i n s (4 out of 49) recorded bank e r o s i o n com-
pared with 30% (7 out of 23) i n the f o r e s t . iMean gross 
e r o s i o n f or the 23 pi n s l o c a t e d i n the f o r e s t i s 5.2 mm i n 
comparison to only 0.7 mm o u t s i d e the f o r e s t . T h i s 
d i f f e r e n c e i s s i g n i f i c a n t a t the 0.05 l e v e l . Although 
bank a c c r e t i o n i s a l s o g r e a t e r i n the f o r e s t than o u t s i d e 
the f o r e s t (2.4 mm and 0.4 mm r e s p e c t i v e l y ) mean net bank 
e r o s i o n i n the f o r e s t s t i l l g r e a t l y exceeds the value out-
s i d e the f o r e s t (2.8 mm and 0.3 mm r e s p e c t i v e l y ) . These 
r e s u l t s confirm v i s u a l impressions of r a p i d bank e r o s i o n i n 
the f o r e s t . 
L e s s r e l i a n c e can be placed upon data r e l a t i n g to 
stream bed changes than to stream bank changes. V a r i a t i o n 
i n bed m a t e r i a l from s o f t sand to cobbles l i m i t s the r e -
p r o d u c i b i l i t y of measurements from e r o s i o n p i n to stream 
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bed. Stream bed changes were recorded more often than 
stream bank changes which i n d i c a t e s , notwithstanding 
measurement e r r o r s , t h a t the stream bed of the Narrator 
Brook i s l e s s s t a b l e than stream banks ( t a b l e 4.2). Mean 
gross aggradation recorded by p i n s i n the f o r e s t i s s i g n i -
f i c a n t l y g r e a t e r (at the 0.05 l e v e l ) than mean gross 
aggradation o u t s i d e the f o r e s t (4.8cm and 1.3cm r e s p e c -
t i v e l y ) . Despite the f a c t t h a t mean gross scour i s a l s o 
g r e a t e r i n the f o r e s t than o u t s i d e the f o r e s t (2.4 cm and 
1.1 cm r e s p e c t i v e l y ) mean net aggradation i n the f o r e s t i s 
s t i l l a p p r e c i a b l y g r e a t e r than o u t s i d e the f o r e s t (2.4 cm 
and 0.2 cm r e s p e c t i v e l y ) . The l a r g e r r a t e of net aggrada-
t i o n i n the f o r e s t may i n p a r t be a response to higher r a t e s 
of bank e r o s i o n . As channel banks erode a proportion of 
the eroded m a t e r i a l , depending upon i t s p a r t i c l e s i z e d i s -
t r i b u t i o n , accumulates on the stream bed. The s i g n i f i -
c a n t l y g r e a t e r r a t e s of stream bank e r o s i o n and stream bed 
aggradation i n the f o r e s t suggest t h a t t h i s s e c t i o n of the 
channel i s undergoing a period of readjustment. 
From a mean net r a t e of bank e r o s i o n of 2,4 mm obtained 
from e r o s i o n p i n s , and a mean measured bank height of 
0.64 m, the t o t a l volume of m a t e r i a l eroded from the 1 980 m 
of channel banks i n the f o r e s t during the pe r i o d of observa-
t i o n i s estimated a t 6.59 m^  . Assuming a mean d e n s i t y of 
1.8 f o r bank m a t e r i a l t h i s volume of e r o s i o n can be con-
v e r t e d to an e q u i v a l e n t weight of 11.86 t . I n view of the 
la r g e degree of v a r i a b i l i t y i n bank e r o s i o n and the r e l a -
t i v e l y small number of e r o s i o n p i n s used t h i s can only be 
regarded an approximate v a l u e . T h i s estimated supply of 
sediment from bank e r o s i o n i n the f o r e s t amounts to 62% of 
t o t a l sediment d i s c h a r g e d from the Nar r a t o r catchment during 
the period of o b s e r v a t i o n . Sediment s u p p l i e d from the 
main channel o u t s i d e the f o r e s t , estimated a t 2.24 t ^ 
accounts f or a f u r t h e r 12%. However these percentages are 
l i k e l y to be l a r g e o v e r e s t i m a t e s of the c o n t r i b u t i o n of 
bank e r o s i o n to stream sediment t r a n s p o r t because no account 
i s made of storage of sediment i n the stream channel. Cb-
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served net aggradation i n the main channel suggests t h a t 
much of the c o a r s e r f r a c t i o n of eroded bank m a t e r i a l was 
not t r a n s p o r t e d from the catchment during the period of 
ob s e r v a t i o n . 
Due to probable short term f l u c t u a t i o n s i n channel 
storage, p a r t i c u l a r l y with regard to f i n e sediment (Megehan 
& Nowlin 1976), r e l a t i n g long term r a t e s of bank e r o s i o n to 
long term sediment y i e l d s i s l i k e l y to be more meaningful 
than r e l a t i n g contemporary bank e r o s i o n to contemporary 
sediment y i e l d . A long term r a t e of bank e r o s i o n f o r the 
f o r e s t s e c t i o n of the Narrator Brook can be obtained by 
a n a l y s i s of the changes i n channel form t h a t have a r i s e n 
from bank e r o s i o n . I t i s apparent t h a t a c c e l e r a t e d bank 
e r o s i o n w i t h i n the f o r e s t has r e s u l t e d i n a s u b s t a n t i a l i n -
c r e a s e i n the width of the main channel. The channel 
immediately upstream of the f o r e s t i s l i n e d by t h i c k t u r f 
and i s i n the region of 1.5 m wide ( p l a t e 4.7). The 
channel 600 m downstream, i n the hea r t of the f o r e s t p l a n -
t a t i o n , i s over 4 m wide ( p l a t e 4.8). Surveyed c r o s s -
s e c t i o n s a t s e v e r a l l o c a t i o n s along the Narrator Brook 
i l l u s t r a t e the c o n t r a s t ( f i g 2.12). Mean b a n k f u l l width 
for the s i x c r o s s - s e c t i o n s f o r stream s e c t i o n 5A 
immediately above the f o r e s t i s 1.75 m. Mean b a n k f u l l 
width f o r the f i f t e e n c r o s s - s e c t i o n s surveyed w i t h i n the 
f o r e s t (stream s e c t i o n 5B) i s 4.53 m. T h i s d i f f e r e n c e i s 
s i g n i f i c a n t a t b e t t e r than the 0.001 l e v e l . B a n k f u l l 
depth i s more d i f f i c u l t to gauge than b a n k f u l l width, p a r -
t i c u l a r l y f o r the f o r e s t stream s e c t i o n (stream s e c t i o n 5B). 
T h i s i s because bank r e c e s s i o n i n t h i s s e c t i o n has r e s u l t e d 
i n opposing banks of unequal height (eg, c r o s s - s e c t i o n s 
33,34,37 and 40). Estimated mean b a n k f u l l depth f o r the 
s i x c r o s s - s e c t i o n s i n stream s e c t i o n dA i s 0,53 m, compared 
with a mean of 0.55 m for stream s e c t i o n 5B. T h i s 
d i f f e r e n c e i s not s i g n i f i c a n t . 
Although ther e has been a marked expansion in channel 
width i n the f o r e s t as a r e s u l t of bank e r o s i o n , mean width 
above the f o r e s t cannot be compared d i r e c t l y with mean 
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P l a t e 4.7 Channel of the N a r r a t o r Brook near St 12 j u s t above f o r e s t 
p l a n t a t i o n 
P l a t e 4.8 Channel of the Narrator Brook near St 8 w i t h i n the f o r e s t 
p l a n t a t i o n . 
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width w i t h i n the f o r e s t to determine the ext e n t of t h i s 
expansion. T h i s i s because i n most streams channel width, 
along with channel depth and stream v e l o c i t y , i n c r e a s e 
downstream as e x p o n e n t i a l f u n c t i o n s of b a n k f u l l d i s c h a r g e . 
E a r l y work demonstrating these r e l a t i o n s h i p s was undertaken 
by Leopold & Haddock (1953) and Wolman (1955); more r e c e n t 
r e s e a r c h i s reviewed by Rich a r d s (1977). I n order to de-
f i n e dovmstream v a r i a t i o n s i n channel width along the Narra-
t o r Brook'/ the e n t i r e stream was d i v i d e d i n t o 30 stream 
s e c t i o n s between 30 randomly s e l e c t e d s t a t i o n s ( f i g 2 . 9 ) . 
Mean b a n k f u l l width f o r each s e c t i o n was determined from 
s e v e r a l i n d i v i d u a l measurements of b a n k f u l l width i n the 
f i e l d . T h i s provides a convenient method of handling the 
data y i e l d i n g 30 o b s e r v a t i o n s , 10 f o r the channel w i t h i n 
the f o r e s t and 20 f o r the r e s t of the stream. The 20 obser-
v a t i o n s o u t s i d e the f o r e s t were r e g r e s s e d a g a i n s t mean 
drainage area f o r each of the 20 stream s e c t i o n s ( f i g 4,5). 
10r 
£ 
C 
o 
p 5 
r = 0-89 
n = 20 
X Fores^t s e c t i o n s 
OPEN 
Mean stream section drainage area (km^) 
F i g . 4.5 R e l a t i o n between channel width and drainage 
a r e a f o r the N a r r a t o r Brook 
1 29 
Drainage area i s used as a convenient surrogate for bank-
f u l l d i s c h a r g e . Drainage area has p r e v i o u s l y been used as 
a surrogate i n a n a l y s i s of downstream v a r i a t i o n s i n channel 
geometry by M i l l e r (1958), Park (1975) and P e t t s (1977), 
When mean width v a l u e s f o r the 10 f o r e s t stream s e c -
t i o n s are p l o t t e d on f i g 4.5 a l l but one l i e above the r e -
g r e s s i o n l i n e d e r i v e d from the 20 o b s e r v a t i o n s o u t s i d e the 
f o r e s t . Mean width v a l u e s f o r f i v e of the f o r e s t stream 
s e c t i o n s l i e above the two standard e r r o r l i n e s i g n i f y i n g 
t h a t width i s s i g n i f i c a n t l y g r e a t e r f o r these stream s e c -
t i o n s (at the 0.05 l e v e l ) than i t should be, having regard 
to the s i z e of t h e i r drainage a r e a s . The r e g r e s s i o n e s -
t a b l i s h e d on the b a s i s of the 20 stream s e c t i o n s o u t s i d e 
the f o r e s t can be e x t r a p o l a t e d to determine what channel 
widths i n the f o r e s t should be and hence the extent to 
which channel widths have expanded. T h i s technique has 
p r e v i o u s l y been used to i n v e s t i g a t e channel changes r e s u l t -
ing from u r b a n i s a t i o n (Hammer 1972) and from c r e a t i o n of 
r e s e r v o i r s (Gregory & Park 1974, P e t t s 1976). 
The percentage e x p l a n a t i o n of downstream v a r i a t i o n s 
i n b a n k f u l l width provided by drainage a r e a i n the 
Narrator catchment i s 79%. In order to i n c r e a s e t h i s 
percentage e x p l a n a t i o n and thereby improve the p r e d i c t i o n 
of channel widths i n the f o r e s t , a second independent 
v a r i a b l e , channel g r a d i e n t , was added to the r e g r e s s i o n . 
Channel widths i n the Narrator Brook are s i g n i f i c a n t l y 
g r e a t e r , f or a given drainage a r e a , i n steeper stream 
s e c t i o n s ( p a r t i a l c o r r e l a t i o n c o e f f i c i e n t = 0.63,n=20). 
I n c l u s i o n of channel g r a d i e n t i n the r e g r e s s i o n boosts the 
percentage e x p l a n a t i o n of v a r i a t i o n s i n b a n k f u l l width to 
87% (equation 4.3), 
Equation 4.3 i s capable of p r e d i c t i n g , w i t h i n very 
c l o s e l i m i t s , the probable width of the channel of the 
Narrator Brook between S t s 1 and 11 p r i o r to a f f o r e s t a t i o n . 
From comparison of these p r e d i c t e d v a l u e s with channel 
width a t present i t appears t h a t bank r e c e s s i o n s i n c e 
a f f o r e s t a t i o n has ranged from zero f or the two stream s e c -
t i o n s between S t s 7 and 8 and between S t s 10 and 11 to 
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2.0 m f o r the stream s e c t i o n between S t s 3 and 4 ( t a b l e 4.3) 
LOG W = 0.878 LOG D.A + 0.238 LOG S-0.979 . (4.3) 
e e e 
r = 0.93 n = 20 S.E. = 0.152 log u n i t s 
W = channel width (m) 
D. A = drainage area (km^) 
S = channel g r a d i e n t (m/km) 
T o t a l P a r t i a l 
C o r r e l a t i o n C o e f f i c i e n t s C o r r e l a t i o n C o e f f i c i e n t s 
DA S DA S 
S - 0.47 S - 0.72 
W 0.89 -0.16 W 0.93 0.63 
I n c r e a s e d bank e r o s i o n and aggradation i n the f o r e s t e d 
s e c t i o n of the Narrator Brook has had r e p e r c u s s i o n s upon 
the channel p a t t e r n as w e l l as channel c r o s s - s e c t i o n a l form. 
C o n t r o l s of channel s i n u o s i t y are very complex but r e s e a r c h 
has r e v e a l e d t h a t the dominant c o n t r o l i s v a l l e y g r a d i e n t 
(Leopold e t a l 1964, Lee & Henson 1977). The planform of 
the Narrator Brook was surveyed i n the f i e l d . In c a l c u -
l a t i n g s i n u o s i t y , the channel was d i v i d e d i n t o 100 metre 
s e c t i o n s commencing from the main gauging s i t e at the mouth 
of the stream. Values of s i n u o s i t y f o r these 100 m stream 
s e c t i o n s v a r i e s from 1.003 to 1,216, S i n u o s i t y i n the 
non-forested p a r t of the N a r r a t o r Brook d e c r e a s e s with 
g r a d i e n t as theory suggests ( r = -0.42, n = 24 - f i g 4.6). 
I n c l u s i o n i n the graph of the ten v a l u e s from the f o r e s t e d 
s e c t i o n of the stream i n d i c a t e s t h a t f o r a given g r a d i e n t 
s i n u o s i t i e s have been s i g n i f i c a n t l y reduced. A l l of t h e s e 
p o i n t s l i e below the r e g r e s s i o n l i n e and t h r e e f a l l o u t s i d e 
the two standard e r r o r envelope. The change i n planform of 
the Narrator Brook w i t h i n the f o r e s t must mean t h a t r a t e of 
bank e r o s i o n s i n c e a f f o r e s t a t i o n has not been uniform along 
the channel and t h i s i s s u b s t a n t i a t e d by the v a r i a b i l i t y i n 
bank e r o s i o n data d e r i v e d from both e r o s i o n p i n data 
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Table 4.3 E s t i m a t i o n of r a t e s of bank e r o s i o n w i t h i n the f o r e s t e d region of the 
Narrator Brook. 
stream S e c t i o n 
Between: 
Mean S e c t i o n 
D i s t a n c e From 
Catchment Exit 
(Metres) 
Mean S e c t i o n 
Width 
(Metres) 
Estimated Mean S e c t i o n 
Width P r i o r t o ^ L a t e r a l 
A f f o r e s t a t i o n E r o s i o n 
(Metres) (Metres) 
Stream S e c t i o n 
Length 
(Metres) 
Land Removed 
By Bank 
E r o s i o n 
(Hectares) 
S t s 1-2 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
0-9 
9-10 
10-11 
24 
56 
170 
346 
A29 
532 
657 
820 
953 
979 
3.0 
3.9 
4.5 
3.9 
3.4 
4.2 
2.6 
3.1 
3.2 
2.2 
1 .6 
3.1 
2.5 
2.3 
2.6 
2.5 
2.6 
2.4 
2.7 
2.3 
1 .4 
0.8 
2.0 
1 .6 
0.8 
1.7 
O 
0.7 
0.5 
0 
48 
17 
210 
142 
24 
183 
68 
247 
17 
35 
0.0067 
0.0014 
0.0420 
0.0272 
0.0019 
0.0311 
O 
0.0173 
0.0008 
O 
TOTAL O. 123 
Obtained from equation 4.3 
1-5 
1-4H 
§1-3-
if) 
I 1.2 c o 
10H 
x= Forest sections 
r=-0-42 
X X 
10 
F i g . 4.6 
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Valley Gradient (m/km) 
R e l a t i o n between channel s i n u o s i t y and 
v a l l e y g r a d i e n t f o r the N a r r a t o r Brook 
( t a b l e 4.2) and from a n a l y s i s of channel widths ( t a b l e 4.3), 
Reduction i n s i n u o s i t y has been matched by an i n c r e a s e i n 
anastomosity evidenced by the appearance of sand or g r a v e l 
bars i n t h i s s e c t i o n of the stream ( f i g 2.11). There a r e 
a t o t a l of 13 bars exposed during baseflow i n the f o r e s t 
s e c t i o n of the Narrator Brook. Four are mid-channel bars 
and the remaining nine are p o i n t b a r s . The only g r a v e l or 
sand bars o u t s i d e the f o r e s t are two s m a l l p o i n t b a r s , one 
between S t s 29 and 30, and one j u s t below St 17. 
From the e s t i m a t e s of bank r e c e s s i o n i n t a b l e 4.3 the 
t o t a l volume of m a t e r i a l removed from the 2 km of channel 
banks v/ithin the f o r e s t p l a n t a t i o n , s i n c e a f f o r e s t a t i o n , i s 
c a l c u l a t e d to be 800 m^ . Assuming an average d e n s i t y of 
bank m a t e r i a l of 1.8, t o t a l weight of eroded m a t e r i a l be-
comes 1440 t . The g r e a t e r p a r t of the f o r e s t p l a n t a t i o n 
i n the N a r r a t o r catchment matured around 1935 and i f t h i s 
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date i s taken as the commencement of a c c e l e r a t e d bank 
e r o s i o n i n the lower Narrator Brook, mean annual supply of 
sediment from t h i s source s i n c e a f f o r e s t a t i o n has been i n 
the order of 35 t / y r . T h i s long term mean annual r a t e of 
bank e r o s i o n i s s u b s t a n t i a l l y g r e a t e r than the contemporary 
r a t e of e r o s i o n i n the f o r e s t stream s e c t i o n of 11.9t over 
a p e r i o d of 19 months estimated from e r o s i o n p i n s . T h i s 
suggests t h a t r a t e of bank e r o s i o n i s slowing down. T h i s 
accords with the a s s e r t i o n of Brunsden & Thornes (1979) 
t h a t when a channel system i s d i s t u r b e d change of form i s 
very r a p i d i n i t i a l l y but subsequently t a i l s o f f as r e -
e q u i l i b r i u m i s approached-
Long term mean annual supply of sediment from e r o s i o n 
of the main channel of the N a r r a t o r Brook can be u s e f u l l y 
compared to long term mean annual y i e l d of sediment from 
the N a r r a t o r catchment estimated from r e s e r v o i r sedimenta-
t i o n p r o v i d i n g some allowance i s made for the c o a r s e r 
f r a c t i o n of bank m a t e r i a l not r e p r e s e n t e d i n r e s e r v o i r de-
p o s i t s . Coarse sediment i s prevented from e n t e r i n g the 
r e s e r v o i r by means of a l a r g e sediment t r a p a t the head of 
the r e s e r v o i r which i s p e r i o d i c a l l y dredged by the South 
West Water A u t h o r i t y . Although p a r t i c l e s up to 1 mm i n 
s i z e were pr e s e n t i n the samples of sediment recovered from 
the bottom of the r e s e r v o i r , 96% of the sediment i s f i n e r 
than 75ij. For bank m a t e r i a l i n f o r e s t s e c t i o n of the 
Narrator Brook the percentage f i n e r than 15\i i s in the 
region of 50%. Even i f i t i s assumed t h a t a l l the s e d i -
ment l e s s than 75y s u p p l i e d from eroding banks e n t e r s the 
r e s e r v o i r , bank e r o s i o n would appear to c o n t r i b u t e l i t t l e 
more than 20% of the t o t a l f i n e sediment which the N a r r a t o r 
Brook d i s c h a r g e s i n t o the B u r r a t o r R e s e r v o i r , Although 
t h i s can only be regarded as a rough approximation of the 
r e l a t i v e importance of bank e r o s i o n i n the f o r e s t as a 
source of sediment, i t does i n d i c a t e t h a t other major 
sources of f i n e sediment e x i s t i n the N a r r a t o r catchment. 
Included under stream channel sources are drainage 
d i t c h e s and ephemeral channels which are p a r t i c u l a r l y 
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numerous i n the c o n i f e r o u s f o r e s t p l a n t a t i o n ( f i g 2.9). 
Rain s p l a s h and weathering p r o c e s s e s on exposed p a r t s of 
these channels c r e a t e s a pool of a v a i l a b l e sediment which 
i s f l u s h e d i n t o the main stream during flood p e r i o d s . T h i s 
i s l i k e l y to form an important c o n t r i b u t i o n to the f i n e 
sediment t r a n s p o r t e d by the Narrator Brook, although i t i s 
a c o n t r i b u t i o n which i s d i f f i c u l t to a s s e s s . Another 
p o s s i b l e s i g n i f i c a n t source of f i n e s i n the Narrator c a t c h -
ment i s catchment s l o p e s . 
4.3.2 Catchment slopes 
Supply of sediment from s l o p e s i n the Narrator c a t c h -
ment was not measured d i r e c t l y . However, the l i k e l y s i g -
n i f i c a n c e of catchment s l o p e s as a source of sediment can 
be a s s e s s e d i n d i r e c t l y by e v a l u a t i o n of the two p r o c e s s e s 
r e s p o n s i b l e f or supplying sediment from catchment s l o p e s to 
the stream channel, namely r a i n s p l a s h and overland flow. 
The e f f e c t i v e n e s s of r a i n s p l a s h as an agent of s o i l 
e r o s i o n i n c r e a s e s with i n c r e a s i n g p r e c i p i t a t i o n i n t e n s i t y 
and d e c r e a s e s with i n c r e a s i n g d e n s i t y of v e g e t a t i o n cover. 
S e v e r a l workers c i t e t h r e s h o l d r a i n f a l l i n t e n s i t i e s which 
have to be exceeded before r a i n s p l a s h can be consi d e r e d 
e f f e c t i v e . Suggested t h r e s h o l d v a l u e s vary depending upon 
c l i m a t e . Hudson (1971) g i v e s a f i g u r e of 25 mm/hr f o r 
A f r i c a , w h i l e for Germany 6 mm/hr appears more a p p r o p r i a t e 
( R i c h t e r & Negendank 1977). Morgan (1979) suggests an 
i n t e n s i t y of 10 mm/hr as being a p p l i c a b l e to the B r i t i s h 
s i t u a t i o n . Of the 37 events which occurred during the 
peri o d of o b s e r v a t i o n , 6 recorded p r e c i p i t a t i o n exceeding 
10 mms i n the space of an hour. S e v e r a l other events a l s o 
probably s u s t a i n e d r a i n f a l l i n t e n s i t i e s exceeding 10 mm/hr 
over p e r i o d s s h o r t e r than an hour, but t h i s cannot be de-
termined from weekly autographic r a i n c h a r t s . Over much 
of the Narrator catchment, v e g e t a t i o n i s probably too dense 
to permit r a i n s p l a s h e r o s i o n even when r a i n f a l l i n t e n s i t i e s 
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exceed the t h r e s h o l d v a l u e . However, ar e a s i n the g r a s s -
land region of the catchment not invaded by bracken 
{Pteridium aquilinum) are p r e f e r e n t i a l l y grazed by sheep 
and c a t t l e and the g r a s s i s c l o s e cropped. I n these a r e a s 
the s o i l s u r f a c e i s probably not o f f e r e d the same p r o t e c -
t i o n from r a i n s p l a s h as i n bracken i n f e s t e d a r e a s . I n 
the moorland r e g i o n of the catchment the p r o t e c t i o n o f f e r e d 
by Molinea i s s i g n i f i c a n t l y reduced during w i n t e r months, 
and bare patches of s o i l are exposed i n some a r e a s . 
L o c a l i s e d a r e a s of bare s o i l a l s o occur as a r e s u l t of con-
c e n t r a t e d trampling i n the v i c i n i t y of Deancombe Farm 
( f i g 2.9) and at gaps i n dry stone w a l l s . There are 10 
l o c a t i o n s along the Narrator Brook and i t s t r i b u t a r i e s 
which are favoured stream c r o s s i n g p o i n t s r e s u l t i n g i n bare 
s o i l c l o s e to the channel. 
Although the e f f e c t i v e n e s s of r a i n s p l a s h can be 
gauged from p r e c i p i t a t i o n i n t e n s i t y , o v e r l a n d flow i s more 
e l u s i v e i n t h i s r e s p e c t . Overland flow has been observed 
on a number of o c c a s i o n s i n the moorland r e g i o n of the 
catchment during r a i n storms. That t h i s overland flow i s 
i n s t r u m e n t a l i n t r a n s p o r t i n g eroded m a t e r i a l i s evidenced 
by patches of bleached w h i t i s h grey sand commonly observed 
between g r a s s t u s s o c k s f o l l o w i n g i n t e n s e r a i n s t o r m s . 
E x a c t l y the same phenomenon i s d e s c r i b e d by T a l l i s (1964) 
i n the Southern Pennines which he a s c r i b e s to sheet e r o s i o n 
of peaty s o i l s . 
Overland flow can occur when r a i n f a l l i n t e n s i t y exceeds 
s o i l i n f i l t r a t i o n c a p a c i t y w h i l e the s o i l i s unsaturated, 
or a l t e r n a t i v e l y when the top s o i l becomes s a t u r a t e d 
(Kirkby 1969b, Chorley 1978). Horton (1945) proposed t h a t 
s i n c e the s u r f a c e i n f i l t r a t i o n c a p a c i t y of most s o i l s de-
c r e a s e d during a storm event due to i n c r e a s i n g wetness, a 
p o i n t may be reached during the storm when i n f i l t r a t i o n 
c a p a c i t y i s exceeded by r a i n f a l l i n t e n s i t y . T h i s would 
depend upon the nature of the s o i l together with d u r a t i o n 
and i n t e n s i t y of the storm. Once t h i s point has been 
reached, the excess r a i n which cannot be accommodated by 
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i n f i l t r a t i o n d r a i n s o f f the s u r f a c e as overland flow. 
"Hortonian" or unsaturated overland flow, although perhaps 
of some s i g n i f i c a n c e i n s e m i - a r i d c l i m a t e s , has been found 
to be l e s s a p p l i c a b l e to catchments i n humid c l i m a t e s . 
I n humid c l i m a t e s r a i n f a l l i n t e n s i t y i s c h a r a c t e r i s t i c a l l y 
low w h i l e denser v e g e t a t i o n p r o t e c t s the s o i l and preve n t s 
s e a l i n g of the s o i l s u r f a c e by r a i n drop impact. P i e r c e 
(1967), for example, concluded from measurements i n a New 
England catchment t h a t s u r f a c e s o i l i n f i l t r a t i o n i s never 
l i k e l y to be exceeded by r a i n f a l l i n t e n s i t y . I n f i l t r a t i o n 
c a p a c i t y was measured p e r i o d i c a l l y a t two s i t e s w i t h i n the 
Narrator catchment by s i n g l e c y l i n d e r i n f i l t r o m e t e r s f i x e d 
permanently i n t o the ground. These two s i t e s are l o c a t e d 
next to raingauges No. 2 and No. 4 both on f l a t ground, one 
on i r o n pan stagnopodsol of the moorland region and the 
other on brown e a r t h ( f i g 3,1). Recorded i n f i l t r a t i o n 
c a p a c i t i e s ranged from 1650 mm/hr to 180 mm/hr a t the s i t e 
on brown e a r t h and from 940 mm/hr to 80 mm/hr a t the s i t e 
on i r o n pan stagnopodsol. A p l o t of i n f i l t r a t i o n c a p a c i t y 
a g a i n s t antecedent p r e c i p i t a t i o n i n the manner of 
Papadakis and P r e u l (1973) r e v e a l s , as theory p r e d i c t s , 
t h a t the i n f i l t r a t i o n c a p a c i t y of both s o i l types d e c r e a s e s 
as the s o i l s become wet ( f i g 4.7). I t i s apparent, how-
ever, t h a t even i n the w e t t e s t c o n d i t i o n s , when the l e v e l 
of s a t u r a t i o n i n the s o i l i s c l o s e to the s u r f a c e , s u r f a c e 
i n f i l t r a t i o n a t these two s i t e s s t i l l exceeds the maximum 
r a i n i n t e n s i t y of 25 mm/hr recorded on the catchment during 
the p e r i o d of r e s e a r c h . However, there are l i k e l y to be 
la r g e s p a t i a l c o n t r a s t s i n i n f i l t r a t i o n c a p a c i t y over the 
Narra t o r catchment i n response to v a r i a t i o n s i n the degree 
of trampling by c a t t l e and sheep. Bracken i n f e s t e d a r e a s , 
for example, are l e s s s u b j e c t to trampling than open g r a s s -
land a r e a s . I n f i l t r a t i o n i n some p a r t s of the catchment 
s u b j e c t to heavy trampling may on o c c a s i o n s f a l l below 
r a i n f a l l i n t e n s i t y while the s o i l i s u n s a t u r a t e d . Small 
l o c a l i s e d a r e a s where "Hortonian" overland flow i s un-
doubtedly a common occurrence i n c l u d e t r a c k s and paths, t o -
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F i g . 4.7 R e l a t i o n between i n f i l t r a t i o n r a t e and 
antecedent p r e c i p i t a t i o n f o r two s o i l types 
i n the N a r r a t o r catchment 
gether with l o c a l i t i e s of p a r t i c u l a r l y i n t e n s e trampling 
in the v i c i n i t y of Deancombe Farm, a t gaps i n stone w a l l s 
and a t stream c r o s s i n g p o i n t s . Observations by Ternan & 
W i l l i a m s (1979) i n the Narrator catchment i n d i c a t e t h a t un-
s a t u r a t e d o v e r l a n d flow i s a l s o generated upon v e g e t a t i o n 
l i t t e r i n f o r e s t , bracken and g r a s s l a n d a r e a s . 
Although u n s a t u r a t e d o v e r l a n d flow i n the N a r r a t o r 
catchment may be of only l o c a l i s e d s i g n i f i c a n c e , s a t u r a t e d 
overland flow i n the catchment i s both frequent and wide-
spread. S o i l s a t u r a t i o n begins i n the s u b - s o i l and then 
r i s e s towards the s o i l s u r f a c e (Weyman 1974). When the 
l e v e l of s a t u r a t i o n or water t a b l e i n the s o i l i n t e r s e c t s 
the s o i l s u r f a c e o v e r l a n d flow i s generated (Kirkby & 
Chorley 1967, Dunne & Black 1970). T h i s p r o c e s s i s very 
c l o s e l y r e l a t e d to r a t e s of throughflow. Near the s u r f a c e 
of the s o i l are c r a c k s , root channels and other macro-pores 
not found a t depth. Water a f t e r i n f i l t r a t i o n i n t o the 
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s u r f a c e passes down through the s o i l but as p e r m e a b i l i t y 
decreases with depth water becomes ponded i n the s u b - s o i l ^ 
p a r t i c u l a r l y a t l e v e l s i n the s o i l p r o f i l e where t h e r e i s 
any marked d i s c o n t i n u i t y of p e r m e a b i l i t y v;ith depth. Such 
a d i s c o n t i n u i t y i s often found a t the base of the A hor i z o n 
due to the presence here of an i r o n pan i n pod s o l i z e d s o i l s . 
Water which has accumulated a t depth i s dra i n e d by through-
flow a t a r a t e determined by the s a t u r a t e d h y d r a u l i c con-
d u c t i v i t y of the s o i l . I n some s o i l s t h i s may be q u i t e 
low, o f t e n lower than commonly o c c u r r i n g r a i n f a l l i n t e n s i -
t i e s . While r a i n f a l l i n t e n s i t y exceeds s a t u r a t e d h y d r a u l i c 
c o n d u c t i v i t y water w i l l continue to accumulate w i t h i n the 
s o i l . I f t h i s s i t u a t i o n p e r s i s t s f o r a s u f f i c i e n t l y long 
period then the s o i l water t a b l e may reach the s u r f a c e ; 
t h e r e a f t e r the excess of r a i n f a l l which cannot be d r a i n e d 
by throughflow i s t r a n s m i t t e d as ov e r l a n d flow. 
One technique t h a t has commonly been employed to i n -
v e s t i g a t e the frequency and d i s t r i b u t i o n of s a t u r a t e d over-
land flow i n sma l l catchments i s the s o i l o b s e r v a t i o n w e l l 
(Betson & Marius 1969, Lewin e t a l 1974, Weyman 1974), The 
l e v e l of s a t u r a t i o n or water t a b l e w i t h i n the s o i l i s i n -
d i c a t e d by the l e v e l of standing water i n the w e l l . I n 
the Narrator catchment twenty s o i l w e l l s were i n s t a l l e d a t 
randomly s e l e c t e d l o c a t i o n s ( f i g 3,1). The w e l l s are 
30 cm deep and l i n e d with p l a s t i c d r a i n p i p e . Each i s 
equipped with a c r e s t - s t a g e r e c o r d i n g d e v i c e c o n s i s t i n g of 
a removable dexion rod to which i s a f f i x e d thimbles a t 5 cm 
i n t e r v a l s ( f i g 4.8; p l a t e s 4.9 & 4.10). The h i g h e s t 
thimble to be f i l l e d w i th water i n d i c a t e s to w i t h i n 5 cm 
the maximum l e v e l a t t a i n e d by the s o i l water t a b l e . The 
thimbles are f i t t e d with l i d s which f l o a t open with r i s i n g 
water i n the w e l l and c l o s e when the water l e v e l recedes 
again i n order to r e t a r d evaporation of water i n the 
thimbles and ensure r e l i a b l e r e a d i n g s . The top most 
thimble i s p o s i t i o n e d to c o i n c i d e with the ground s u r f a c e 
and when t h i s has been f i l l e d i t i n d i c a t e s t h a t on at l e a s t 
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F i g . 4.8 C r e s t s t a g e s o i l w e l l u s e d i n t h e N a r r a t o r 
c a t c h m e n t 
one o c c a s i o n d u r i n g t h e p e r i o d s i n c e t h e w e l l was l a s t 
c h e c k e d , s a t u r a t e d o v e r l a n d f l o w h a s o c c u r r e d a t t h e s i t e . 
The w e l l s w e r e i n s p e c t e d on e i g h t e e n o c c a s i o n s d u r i n g t h e 
p e r i o d o f r e s e a r c h a t a p p r o x i m a t e l y m o n t h l y i n t e r v a l s ; a l l 
were v i s i t e d on t h e same day d u r i n g d r y . w e a t h e r t o f a c i l i -
t a t e s p a t i a l c o m p a r i s o n s . 
A p p r o x i m a t e l y 2% o f t h e N a r r a t o r c a t c h m e n t i s p e r m a -
n e n t l y s a t u r a t e d d u r i n g n o r m a l y e a r s and t r a n s m i t s v i r t u a l l y 
a l l p r e c i p i t a t i o n r e c e i v e d as o v e r l a n d f l o w ( f i g 2 . 7 ) . 
From t h i s e x t r e m e t h e r e i s a w i d e r a n g i n g c o n t i n u u m t o w e l l 
d r a i n e d s i t u a t i o n s w h e r e s a t u r a t i o n t o s u r f a c e i s l i k e l y t o 
be an e x t r e m e l y r a r e e v e n t . A l l t w e n t y s o i l s w e l l s became 
d r y a f t e r a p r o l o n g e d p e r i o d w i t h o u t r a i n . A t one s i t e 
t h e s o i l w e l l r e m a i n e d d r y f o r t h e e n t i r e p e r i o d o f o b s e r -
v a t i o n . The r e m a i n i n g 19 w e l l s r e c o r d e d p e r i o d i c s a t u r a -
t i o n t o a t l e a s t 25 cm f r o m t h e g r o u n d s u r f a c e . O u t o f a 
t o t a l o f 13 v i s i t s t o t h e s o i l w e l l s t h e number o f o c c a s i o n s 
s a t u r a t i o n t o t h e s u r f a c e was r e c o r d e d r a n g e d f r o m 11 t o 
z e r o , 
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Plate 4.9 Crest stage s o i l v e i l with cover removed. 
3 
Plate 4.10 Crest stage s o i l well showing dexion rod with thimbles 
attached. 141 
To i n v e s t i g a t e t h e s e s p a t i a l v a r i a t i o n s , an i n d e x was 
d e v i s e d t o r e p r e s e n t s a t u r a t i o n p o t e n t i a l . T h i s i s s i m p l y 
t h e t o t a l number o f t h i m b l e s f i l l e d o v e r e i g h t e e n v i s i t s t o 
t h e s i t e . The maximum p o s s i b l e i s 108; v a l u e s f o r t h e 
s o i l w e l l s r a n g e d b e t w e e n 78 a n d z e r o ( f i g 4.9) The 
p r i n c i p l e c o n t r o l o f t h e s e v a r i a t i o n s i s t h e n a t u r e o f t h e 
s o i l i t s e l f a n d i n p a r t i c u l a r i t s ' o r g a n i c c o n t e n t . I t i s 
a p p a r e n t t h a t i n t h i s r e s p e c t t h e r e i s a s h a r p d i s t i n c t i o n 
b e t w e e n t h e t w o s o i l t y p e s i n t h e c a t c h m e n t ( f i g 4 . 1 0 ) . 
A l l o f t h e n i n e w e l l s a t w h i c h s a t u r a t e d o v e r l a n d f l o w was 
r e c o r d e d a r e l o c a t e d on s t a g n o p o d s o l ; i t was n e v e r o n c e 
r e c o r d e d a t any o f t h e n i n e s i t e s on b r o w n e a r t h . A 
s i m i l a r c o n t r a s t i n t h e h y d r o l o g i c a l p r o p e r t i e s o f s t a g n o -
p o d s o l a nd b r o w n e a r t h h a s been r e p o r t e d f r o m a s m a l l 
c a t c h m e n t i n S o m e r s e t (Weyman 1 9 7 4 ) . Due t o t h e i r h i g h 
o r g a n i c c o n t e n t p e a t y s o i l s s w e l l when w e t s e a l i n g o f f 
m a c r o - p o r e s a n d t h u s g r e a t l y r e d u c i n g h y d r a u l i c c o n d u c t i -
v i t y . Low s p e c i f i c y i e l d s c o m b i n e d v ; i t h l o w h y d r a u l i c 
c o n d u c t i v i t y mean t h a t r e l a t i v e l y l i t t l e r a i n c a n r a i s e t h e 
l e v e l o f s a t u r a t i o n a l o n g way ( C h i l d s 1 9 7 2 ) . The l o w e r 
o r g a n i c c o n t e n t o f t h e b r o w n e a r t h r e s u l t s i n r a t h e r h i g h e r 
h y d r a u l i c c o n d u c t i v i t i e s a nd hence a l o w e r s a t u r a t i o n p o -
t e n t i a l . • 
I n a d d i t i o n t o s o i l o r g a n i c c o n t e n t , t h e s p a t i a l 
v a r i a t i o n i n s a t u r a t i o n p o t e n t i a l i n t h e N a r r a t o r c a t c h m e n t 
was a l s o t e s t e d a g a i n s t s o i l t e x t u r e a nd t o p o g r a p h i c 
v a r i a b l e s i n m u l t i p l e r e g r e s s i o n ( t a b l e 4 . 4 ) . N e i t h e r o f 
t h e t w o t e x t u r a l v a r i a b l e s t e s t e d , % s i l t a n d c l a y a n d % 
g r a v e l , c o n t r i b u t e s i g n i f i c a n t l y t o s o i l s a t u r a t i o n p o -
t e n t i a l . The r a n g e i n b o t h s a t u r a t i o n p o t e n t i a l a n d t e x -
t u r e i n t h e b r o w n e a r t h r e g i o n o f t h e c a t c h m e n t may be t o o 
s m a l l f o r t h e e f f e c t o f t e x t u r e t o become m a n i f e s t . I n 
t h e s t a g n o p o d s o l any p o s s i b l e e f f e c t o f t e x t u r e i s p r o b a b l y 
o v e r s h a d o w e d by t h e h i g h o r g a n i c c o n t e n t o f t h e s o i l w h i c h 
c a n e x c e e d 90% d r y w e i g h t i n some l o c a l i t i e s . . . 
A c c o r d i n g t o t h e o r y { K i r k b y & C h o r l e y 1967, C h o r l e y 
1978, K i r b y 1 9 7 8 a ) , t h e d i s t r i b u t i o n o f s a t u r a t e d o v e r l a n d 
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rvvj BROWN EARTH J 5TAGN0P0DS0L 
SATURATION POTENTIAL 
71 - 60 
Number of thimbles 61 - 70 
filled 51 - 60 
41 - 50 
3 1 - 4 0 • 
2 1 - 3 0 • 
11 -20 • 
1 - 1 0 • 
0 o k i lom*^ 
-a-
4.9 S o i l s a t u r a t i o n p o t e n t i a l a t 20 s i t e s i n t h e N a r r a t o r c a t c h m e n t . S o i l s a t u r a t i o n 
p o t e n t i a l i s d e f i n e d as t h e t o t a l number o f t h i m b l e f i l l e d o v e r 18 v i s i t s t o e a c h s i t e 
( t o t a l p o s s i b l e - 6x18 = 108) 
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Organic matter as percentage dry weight 
R e l a t i o n b e t w e e n s o i l s a t u r a t i o n p o t e n t i a l 
a nd o r g a n i c m a t t e r c o n t e n t f o r !.two s o i l 
t y p e s i n t h e N a r r a t o r c a t c h m e n t 
f l o w i n a c a t c h m e n t i s d e t e r m i n e d by t o p o g r a p h y as w e l l as 
s o i l c h a r a c t e r i s t i c s . S a t u r a t i o n p o t e n t i a l s h o u l d i n -
c r e a s e w i t h i n c r e a s i n g s l o p e l e n g t h a n d d e c r e a s e w i t h i n -
c r e a s i n g s l o p e a n g l e . S a t u r a t i o n s h o u l d a l s o be f a v o u r e d 
on c o n c a v e s l o p e s a nd w h e r e s l o p e s c o n v e r g e , s i n c e i n t h e s e 
s i t u a t i o n s i n p u t by t h r o u g h f l o w i n t o a p a r t i c u l a r a r e a o f 
s o i l w i l l e x c e e d o u t p u t . The f o u r t o p o g r a p h i c v a r i a b l e s 
t e s t e d a g a i n s t s o i l s a t u r a t i o n i n t h e N a r r a t o r c a t c h m e n t 
a r e s l o p e a n g l e , . s l o p e l e n g t h , a c o n c a v e / c o n v e x s l o p e i n -
d e x , a nd a c o n v e r g i n g / d i v e r g i n g s l o p e i n d e x { t a b l e 4 , 4 ) , 
I n c o n t r a d i c t i o n t o e s t a b l i s h e d t h e o r y , t h e l a s t t h r e e o f 
t h e s e t o p o g r a p h i c i n d i c e s a r e n o t i n d e p e n d e n t l y r e l a t e d t o 
s o i l s a t u r a t i o n p o t e n t i a l . The s m a l l b u t s i g n i f i c a n t i n -
d e p e n d e n t a f f e c t o f s l o p e a n g l e i s d i f f i c u l t t o e x p l a i n . 
60 70 30 90 
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T a b l e 4.4 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
s p a t i a l v a r i a t i o n s i n s a t u r a t i o n p o t e n t i a l 
o v e r t h e N a r r a t o r c a t c h m e n t b a s e d upon o b -
s e r v a t i o n s a t 20 s o i l w e l l s i t e s ( d a t a u n -
t r a n s f o r m e d ) . 
DEPENDENT VARIABLE 
S a t u r a t i o n p o t e n t i a l , measured as the t o t a l number of thi m b l e s f i l l e d 
i n a s o i l w e l l over 18 v i s i t s to the s i t e . 
T o t a l 6th Order P a r t i a l 
^ C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 
Independent V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 
1 S o i l o r g a n i c content 0.69 0.85 72.24 
2 Slope angle - O . l l 0.48 8.71 
3 S o i l s i l t and c l a y 
c ontent 0.67 0.36 3.89 5" & o o 
Q i (D ( T C/l 
4 Slope p l a n shape index 0.06 0.22 0.l3fi> ^. ^ H-
5 Slope l e n g t h 0.18 -0.18 0.50 3 a. c H-
6 Slope p r o f i l e shape index -0.18 0.09 0.04 3 2 g 
7 S o i l g r a v e l content -0.54 0.15 '^•26 < ^ g ^ 
rl o H- O QJ C LEVEL OF 
SIGNIFICANCE 0.01 O.OOl 
r 0.56 • 0.68 
F 8.29 f o r 1 to 9.33 f o r 7 15.38 to 18.64 
= 20 Pe r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 90.1% 
* See appendix I I . 5 f o r b a s i c data and d e r i v a t i o n of independent 
v a r i a b l e s . 
s i n c e r a t h e r t h a n t h e e x p e c t e d n e g a t i v e c o r r e l a t i o n o f s l o p e 
a n g l e w i t h s a t u r a t i o n p o t e n t i a l , t h e p a r t i a l c o r r e l a t i o n 
c o e f f i c i e n t i s p o s i t i v e . A s i m i l a r d i s p a r i t y b e t w e e n f i e l d 
o b s e r v a t i o n s a nd t h e o r y w i t h r e s p e c t t o t h e a f f e c t o f t o p o -
g r a p h y upon t h e d i s t r i b u t i o n o f s o i l s a t u r a t i o n was a l s o 
e n c o u n t e r e d by A r n e t t ( 1 9 74) a nd Knapp ( 1 9 7 4 ) . 
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The i n d e p e n d e n t e f f e c t o f v e g e t a t i o n c o v e r upon t h e 
h y d r o l o g i c a l r e s p o n s e o f s o i l s i n t h e c a t c h m e n t i s more 
d i f f i c u l t t o g auge s i n c e v e g e t a t i o n and s o i l d i s t r i b -
u t i o n s l a r g e l y c o i n c i d e . The d i s t r i b u t i o n o f b r a c k e n 
{Pteridium aquilinum) h o w e v e r , t r a n s c e n d s s o i l b o u n d a r i e s , 
and a M a n n - W h i t n e y U - t e s t i n d i c a t e s t h a t s a t u r a t i o n p o -
t e n t i a l b e n e a t h b r a c k e n i s s i g n i f i c a n t l y ( 0 . 0 5 l e v e l , 
n = 3 a n d 8) r e d u c e d on p e a t y s o i l s . T h i s s u p p o r t s 
t h e r e s u l t s o f p r e v i o u s r e s e a r c h i n t h i s r e s p e c t (Weyman 
1974, A r n e t t 1 9 7 4 ) . S i n c e b r a c k e n w i l l o n l y i n v a d e t h e 
b e t t e r d r a i n e d a r e a s , s e p a r a t i n g c a u s e f r o m e f f e c t i s 
d i f f i c u l t , b u t i t may be t h a t t h e p r e s e n c e o f b r a c k e n s i g -
n i f i c a n t l y r e d u c e s s a t u r a t i o n p o t e n t i a l by i n t e r c e p t i o n o f 
p r e c i p i t a t i o n o r by t h e c r e a t i o n o f r o o t c h a n n e l s w h i c h i m -
p r o v e d r a i n a g e . S i n c e o n l y one o f t h e n i n e s o i l w e l l s on 
b r o w n e a r t h i s n o t i n an a r e a o f b r a c k e n i n f e s t a t i o n , t h e 
i m p a c t o f b r a c k e n u p o n t h e s a t u r a t i o n p o t e n t i a l o f b r o w n 
e a r t h c o u l d n o t be t e s t e d . 
From t h e s e o b s e r v a t i o n s t h e r e i s r e a s o n t o b e l i e v e t h a t 
o v e r l a n d f l o w a n d r a i n s p l a s h i n t h e N a r r a t o r c a t c h m e n t a r e 
e f f e c t i v e i n s u p p l y i n g s e d i m e n t f r o m c a t c h m e n t s l o p e s t o t h e 
s t r e a m c h a n n e l . Some i d e a o f t h e e x t e n t t o w h i c h s e d i m e n t 
f r o m c a t c h m e n t s l o p e s c o n t r i b u t e s t o t o t a l s e d i m e n t t r a n s -
p o r t e d by t h e N a r r a t o r B r o o k c a n be g a i n e d f r o m a n a l y s i s o f 
s e d i m e n t d y n a m i c s . 
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CHAPTER 5 
TEMPORAL VARIATIONS I N SEDIMENT TRANSPORT 
5,1 V a r i a t i o n s i n s o i l s a t u r a t i o n 
E v i d e n c e p r e s e n t e d i n c h a p t e r 4 s u g g e s t s t h a t s l o p e s 
i n t h e N a r r a t o r c a t c h m e n t may c o n t r i b u t e a s i g n i f i c a n t 
p r o p o r t i o n o f t h e f i n e s t r a n s p o r t e d by t h e N a r r a t o r B r o o k . 
S o i l w e l l o b s e r v a t i o n s i n d i c a t e t h a t a t c e r t a i n t i m e s 
s a t u r a t i o n o v e r l a n d f l o w i s w i d e s p r e a d o v e r t h e c a t c h m e n t . 
A t t h e s e t i m e s a l a r g e s u p p l y o f f i n e s f r o m s l o p e s c a n be 
e x p e c t e d . A n a l y s i s o f t e m p o r a l v a r i a t i o n s i n t h e l e v e l o f 
s a t u r a t i o n w i t h i n t h e s o i l may t h u s h e l p t o e x p l a i n t e m p o r a l 
v a r i a t i o n s i n s t r e a m s e d i m e n t t r a n s p o r t . 
D u r i n g p r e c i p i t a t i o n w a t e r becomes p o n d e d i n t h e s u b -
s o i l a n d t h e l e v e l o f s a t u r a t i o n i n t h e s o i l r i s e s t o v / a r d s 
t h e s u r f a c e . The maximum l e v e l r e a c h e d i s r e c o r d e d by t h e 
c r e s t s t a g e r e c o r d i n g d e v i c e f i t t e d i n t o e a c h o f t h e 20 s o i l 
w e l l s i n t h e N a r r a t o r c a t c h m e n t . A t n i n e s i t e s a nd o n 
s e v e r a l o c c a s i o n s d u r i n g t h e p e r i o d o f o b s e r v a t i o n , s a t u r a -
t i o n l e v e l r e a c h e d t h e s u r f a c e a nd o v e r l a n d f l o w was g e n e r -
a t e d . A n a l y s i s o f s p a t i a l v a r i a t i o n s i n r e c o r d e d maximum 
l e v e l s o f s a t u r a t i o n a t t h e 20 s i t e s , d i s c u s s e d i n t h e 
p r e v i o u s c h a p t e r , r e v e a l s a m a r k e d c o n t r a s t i n t h e t w o 
m a j o r s o i l t y p e s w i t h i n t h e N a r r a t o r c a t c h m e n t . S t a g n o -
p o d s o l s a r e more s u s c e p t i b l e t o s a t u r a t i o n t h a n b r o w n e a r t h s . 
T e m p o r a l v a r i a t i o n s i n t h e maximum l e v e l o f s a t u r a t i o n r e -
c o r d e d o v e r 18 v i s i t s t o t h e s o i l w e l l s d e p e n d upon v a r i a -
t i o n s i n t h e amount and i n t e n s i t y o f p r e c i p i t a t i o n a n d upon 
a n t e c e d e n t p r e c i p i t a t i o n . However, i t i s a p p a r e n t f r o m 
a n a l y s i s o f t e m p o r a l v a r i a t i o n s t h a t s t a g n o p o d s o l s a n d b r o w n 
e a r t h s r e s p o n d v e r y d i f f e r e n t l y t o v a r i a t i o n s i n t h e s e t h r e e 
f a c t o r s . I n o r d e r t o e x a m i n e t e m p o r a l v a r i a t i o n s i n s o i l 
s a t u r a t i o n f o r t h e s e t w o s o i l t y p e s , t h e t o t a l number o f 
t h i m b l e s f i l l e d i n t h e n i n e s o i l w e l l s on b r o w n e a r t h , f o r 
e a c h o f t h e 13 o c c a s i o n s on w h i c h s o i l w e l l s a r e v i s i t e d , 
was e x p r e s s e d as a p e r c e n t a g e o f t h e t o t a l number p o s s i b l e 
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( t o t a l number p o s s i b l e o n e a c h o c c a s i o n = 9 x 6 = 5 4 ) . The 
same was a l s o done f o r t h e 11 s o i l w e l l s on s t a g n o p o d s o l , 
b u t i n t h i s c a s e t h e maximum number o f t h i m b l e s t h a t c a n be 
f i l l e d a t any one v i s i t i s 11 x 6 = 66. T h i s g i v e s a 
t o t a l o f 18 o b s e r v a t i o n s f o r e a c h o f t h e t w o s o i l t y p e s . 
V a l u e s f o r b r o w n e a r t h v a r y b e t w e e n 0% a n d 2 7 . 8 % w h i l e 
v a l u e s f o r s t a g n o p o d s o l v a r y f r o m 0% t o 9 5 . 5 % . 
When t h e s e p e r c e n t a g e v a l u e s f o r t h e t w o s o i l t y p e s 
a r e c o r r e l a t e d s e p a r a t e l y a g a i n s t t o t a l p r e c i p i t a t i o n o v e r 
t h e p e r i o d s b e t w e e n v i s i t s , maximum t w o h o u r p r e c i p i t a t i o n 
f o r t h e s e p e r i o d s , a n d a n t e c e d e n t p r e c i p i t a t i o n p r e c e e d i n g 
maximum t w o h o u r p r e c i p i t a t i o n , c o n t r a s t i n g t r e n d s emerge 
( t a b l e 5 . 1 ) . S a t u r a t i o n i n b r o w n e a r t h i s c l o s e l y r e l a t e d 
t o maximum t w o h o u r p r e c i p i t a t i o n ( r = 0.88, n = 18) b u t 
r e l a t i v e l y i n s e n s i t i v e t o v a r i a t i o n s i n t o t a l p r e c i p i t a t i o n 
a n d a n t e c e d e n t p r e c i p i t a t i o n ( r = 0.33 a n d -0.06 r e s p e c -
t i v e l y , n = 1 8 ) , S a t u r a t i o n i n s t a g n o p o d s o l on t h e o t h e r 
h a n d i s more c l o s e l y r e l a t e d t o t o t a l p r e c i p i t a t i o n a n d 
a n t e c e d e n t p r e c i p i t a t i o n ( r = 0.59 a n d 0.57 r e s p e c t i v e l y , 
n = 1 8 ) . S u b - s u r f a c e d r a i n a g e i s " p r o b a b l y r e l a t i v e l y s l o w 
T a b l e 5.1 P r o d u c t moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
s a t u r a t i o n i n t w o s o i l t y p e s i n t h e N a r r a t o r 
c a t c h m e n t t o h y d r o m e t e o r o l o g i c a l v a r i a b l e s ( d a t a 
u n t r a n s f o r m e d ) . 
Maximum Two 
Hour 
P r e c i p i t a t i o n 
T o t a l P e r i o d 
P r e c i p i t a t i o n 
P r e c i p i t a t i o n Pre-
ceeding Maximum 
Two Hour Event 
(APl3^) 
stagnopodsol 
Brown e a r t h 
O. 13 
0.88 
0.59 
0.33 
0.57 
0.06 
n = 18 
S i g n i f i c a n c e l e v e l 0.05 O.OI 0.001 
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i n s t a g n o p o d s o l s i n c o m p a r i s o n t o b r o w n e a r t h s . S t a g n o -
p o d s o l i n t h e N a r r a t o r c a t c h m e n t t h u s c o n f o r m s t o t h e s i m p l e 
s t o r a g e m o d e l e n v i s a g e d by K i r k b y ( 1 9 7 8 b ) . The two i m -
p o r t a n t f a c t o r s d e t e r m i n i n g t h e l e v e l o f s a t u r a t i o n i n t h i s 
s i t u a t i o n a r e t h e i n i t i a l amount o f w a t e r i n s t o r a g e ( r e p r e -
s e n t e d by a n t e c e d e n t p r e c i p i t a t i o n ) a nd t h e amount a d d e d 
( r e p r e s e n t e d by t o t a l p r e c i p i t a t i o n ) ; p r e c i p i t a t i o n i n t e n -
s i t y i s i n c o n s e q u e n t i a l . F o r b r o w n e a r t h , on t h e o t h e r 
h a n d , t h e s i m p l e s t o r a g e m o d e l i s l e s s a p p l i c a b l e b e c a u s e 
s u b - s u r f a c e d r a i n a g e i s r e l a t i v e l y r a p i d . S a t u r a t i o n l e v e l 
i n t h i s s o i l r i s e s o n l y when r a t e o f i n p u t o f w a t e r ( r e p r e -
s e n t e d by p r e c i p i t a t i o n i n t e n s i t y ) e x c e e d s r a t e o f o u t p u t 
by d r a i n a g e . As a r e s u l t , p r e c i p i t a t i o n i n t e n s i t y becomes 
t h e d o m i n a n t c o n t r o l o f s a t u r a t i o n l e v e l s i n t h i s s o i l a n d 
t h e f a c t o r s r e l a t i n g t o s t o r a g e ( t o t a l p r e c i p i t a t i o n a nd 
a n t e c e d e n t p r e c i p i t a t i o n ) a r e l e s s i m p o r t a n t . 
The c o n t r a s t i n r e s p o n s e b e t w e e n s t a g n o p o d s o l a n d 
b r o w n e a r t h i s i l l u s t r a t e d by c o m p a r i n g t h e d e p t h s o f s a t u -
r a t i o n a t t h e 20 s o i l w e l l s i t e s f o r t w o p e r i o d s w i t h c o n -
t r a s t i n g h y d r o m e t e o r o l o g i c a l c o n d i t i o n s ( f i g 5 . 1 ) . The 
f i r s t o f t h e s e t w o p e r i o d s , 7-27/10/76, h as a h i g h t o t a l 
p r e c i p i t a t i o n (215 mm) b u t p r e c i p i t a t i o n i n t e n s i t y i s l o w 
(maximum 2 h r p r e c i p i t a t i o n - 9.3 mm). Maximum s a t u r a t i o n 
l e v e l s i n s t a g n o p o d s o l f o r t h i s p e r i o d a r e much h i g h e r t h a n 
i n t h e b r o w n e a r t h ( f i g 5 . 1 a ) . W h i l e 3 o f t h e 11 s o i l 
w e l l s l o c a t e d on s t a g n o p o d s o l r e c o r d e d s a t u r a t i o n t o s u r -
f a c e , 7 o f t h e 9 w e l l s on b r o w n e a r t h r e m a i n e d d r y . The 
s e c o n d p e r i o d , 2 2 / 7 - 2 / 9 / 7 6 , i s d r i e r t h a n t h e f i r s t ( t o t a l 
p r e c i p i t a t i o n - 40 mm) b u t i n c l u d e d a h i g h i n t e n s i t y e v e n t 
(maximum 2 hr- p r e c i p i t a t i o n — 21.7 mm). Maximum s a t u r a -
t i o n l e v e l s i n t h e b r o w n e a r t h a r e e q u i v a l e n t t o o r h i g h e r 
t h a n s t a g n o p o d s o l f o r t h i s p e r i o d ( f i g . 5 . 1 b ) . The h i g h -
e s t l e v e l r e c o r d e d by t h e 11 w e l l s on s t a g n o p o d s o l i s 20 cm 
f r o m t h e s u r f a c e ; 3 o f t h e w e l l s r e m a i n e d d r y . By com-
p a r i s o n t h e h i g h e s t l e v e l r e c o r d e d by t h e 9 w e l l s on b r o w n 
e a r t h i s 15 cm f r o m t h e s u r f a c e a nd o n l y one o f t h e w e l l s 
r e m a i n e d d r y . 
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F i g . 5.1 Maximum l e v e l s o f s a t u r a t i o n r e c o r d e d a t 
20 s o i l w e l l s i t e s i n t h e N a r r a t o r 
c a t c b j n e n t f o r t w o p e r i o d s w i t h c o n t r a s t i n g 
h y d r c m e t e r o l o g i c a l c o n d i t i o n s 
( a ) 7 - 27/10/76 (b) 22/7 - 2/9/76 
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T r i b u t a r y c h a n n e l s i n t h e N a r r a t o r c a t c h m e n t , i n -
c l u d i n g t h e N o r t h a n d S o u t h F o r k s o f t h e N a r r a t o r B r o o k , 
t h e Y e l l o w m e a d B r o o k and t h e S h e e p s t o r Beck ( f i g 2 . 9 ) , 
p e n e t r a t e t h e m o o r l a n d r e g i o n s a r o u n d t h e h i g h e r m a r g i n s 
o f t h e c a t c h m e n t and e n a b l e s a t u r a t i o n o v e r l a n d f l o w i n 
t h i s r e g i o n t o c o n t r i b u t e t o q u i c k f l o w r u n o f f , J o n e s 
(1979) s t r e s s e s t h e i m p o r t a n c e o f s a t u r a t e d a r e a s on 
c a t c h m e n t m a r g i n s as a s o u r c e o f q u i c k f l o w , e v e n t h o u g h 
t h e s e a r e a s may be s e p a r a t e d f r o m t h e m a i n d y n a m i c c o n t r i -
b u t i n g a r e a . Newson ( 1 9 7 6 ) d e s c r i b e s p i p e s i n a M i d - W a l e s 
c a t c h m e n t l i n k i n g r i d g e t o p p e a t s t o f l o o d p l a i n f l u s h e s . 
Such p i p e s may a l s o e x i s t i n t h e N a r r a t o r c a t c h m e n t a l t h o u g h 
none ha v e been o b s e r v e d . 
The i m p o r t a n t c o n t r i b u t i o n o f m o o r l a n d r e g i o n s o f t h e 
N a r r a t o r c a t c h m e n t t o q u i c k f l o w i s c l e a r l y r e f l e c t e d i n 
s t r e a m f l o w d y n a m i c s . Above t h e g a u g i n g s i t e a t S t 21 t h e 
c a t c h m e n t a r e a i s 99% s t a g n o p o d s o l w h i l e f u r t h e r d o w n s t r e a m 
a t S t 11 b r o w n e a r t h c o m p r i s e s 18% o f t h e c a t c h m e n t a r e a . 
As a d i r e c t r e s u l t o f t h e d i f f e r i n g p r o p o r t i o n s o f s o i l 
t y p e s i n t h e t w o c a t c h m e n t a r e a s s t r e a m f l o w d y n a m i c s a t t h e 
two g a u g i n g s i t e s d i f f e r a p p r e c i a b l y d e s p i t e t h e i r c l o s e 
p r o x i m i t y on t h e same r i v e r . F l o o d m a g n i t u d e ( c a l c u l a t e d 
as t h e d i f f e r e n c e b e t w e e n p e a k d i s c h a r g e and a n t e c e d e n t 
b a s e f l o w d i s c h a r g e ) r e c o r d e d a t S t 2 1 , v a r i e s i n d e p e n d e n t l y 
t o some d e g r e e f r o m t h a t r e c o r d e d a t S t 1 1 . The r a t i o o f 
f l o o d m a g n i t u d e a t t h e s e .two s t a t i o n s r a n g e d f r o m 0.09 t o 
0.67 o v e r t h e p e r i o d o f o b s e r v a t i o n ( t h e r a t i o o f d r a i n a g e 
a r e a s f o r t h e t w o s t a t i o n s i s 0 . 4 3 ) . T h i s c a n be d i r e c t l y 
a t t r i b u t e d t o v a r i a b l e s u p p l y o f s a t u r a t i o n o v e r l a n d f l o w 
f r o m m o o r l a n d a r e a s . A n a l y s i s o f t h e s o i l w e l l d a t a i n -
d i c a t e s t h a t s t o r m e v e n t s w i t h l a r g e p r e c i p i t a t i o n t o t a l s 
b u t l o w p r e c i p i t a t i o n i n t e n s i t y f a v o u r s a t u r a t i o n i n moor-
l a n d r e g i o n s w i t h s t a g n o p o d s o l s . D u r i n g s u c h e v e n t s moor-
l a n d r e g i o n s c o n t r i b u t e more t o s t o r m r u n o f f t h a n d u r i n g 
e v e n t s v ; i t h h i g h p r e c i p i t a t i o n i n t e n s i t y b u t l o w p r e c i p i t a -
t i o n t o t a l s . As a r e s u l t , t h e r a t i o o f f l o o d m a g n i t u d e a t 
S t 21 t o t h a t a t S t 11 i s h i g h f o r e v e n t s w i t h h i g h t o t a l 
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p r e c i p i t a t i o n b u t l o w maximum t w o h o u r p r e c i p i t a t i o n , a nd 
t h e r a t i o o f f l o o d m a g n i t u d e s d e c l i n e s as t h e r a t i o o f 
maximum t w o h o u r p r e c i p i t a t i o n t o t o t a l p r e c i p i t a t i o n i n -
c r e a s e s ( r =-0.57, n = 26 - f i g 5 . 2 ) . F o r e x a m p l e a 
s m a l l b u t i n t e n s e s t o r m e v e n t w h i c h o c c u r r e d on 4-5/8/75, 
w i t h a maximum t w o h o u r p r e c i p i t a t i o n o f 15.7 mm i n com-
p a r i s o n t o t o t a l p r e c i p i t a t i o n o f o n l y 19,0 mm p r o d u c e d a 
f l o o d m a g n i t u d e o f o n l y 8 £/s a t S t 21 i n c o m p a r i s o n t o 
55 Lis a t S t 1 1 , g i v i n g a r a t i o o f 0.15. By c o n t r a s t , an 
e v e n t w h i c h o c c u r r e d on 3 0 / 9 - 1 / 1 0 / 7 6 , w i t h a t o t a l p r e c i p i -
t a t i o n o f 57,3 mm a n d maximum t w o h o u r p r e c i p i t a t i o n o f 
o n l y 8.6 mm, p r o d u c e d a f l o o d m a g n i t u d e o f 70 t/s a t S t 21 
i n c o m p a r i s o n t o 140 Us a t S t 11 ( r a t i o o f 0 . 5 0 ) . T h i s 
0-7i 
3 0-6 
SO-5 
CD 
a 
I 0-4 
xTi 0 -3 
5= 0-2 
0-2 0-3 0-4 05 o'e 0-7 
Rario ; Maximum two hour precipitation/total precipitation 
0-8 0-9 
F i g . 5.2 R e l a t i o n b e t w e e n t h e r a t i o o f f l o o d 
^ m a g n i t u d e s a t S t s . 11 a n d 2 1 , and t h e 
r a t i o o f maximum t w o h o u r p r e c i p i t a t i o n t o 
t o t a l p r e c i p i t a t i o n . F l o o d m a g n i t u d e i s 
d e f i n e d as t h e d i f f e r e n c e b e t w e e n peak 
d i s c h a r g e and a n t e c e d e n t b a s e f l o w d i s c h a r g e 
152 
i n d i c a t e s t h a t t h e r e was an a p p r e c i a b l y g r e a t e r c o n t r i b u t i o n 
f r o m m o o r l a n d a r e a s t o s t o r m r u n o f f on 30/9-1/10/76 t h a n o n 
4-5/8/75. 
I t i s a p p a r e n t f r o m t h e s e o b s e r v a t i o n s t h a t s a t u r a t i o n 
o v e r l a n d f l o w c o n t r i b u t e s s i g n i f i c a n t l y t o s t o r m r u n o f f i n 
t h e N a r r a t o r c a t c h m e n t . I t seems l i k e l y , t h e r e f o r e , t h a t 
s a t u r a t i o n o v e r l a n d f l o w c o n t r i b u t e s t o f l o o d p e r i o d s e d i -
ment t r a n s p o r t . V a r i a t i o n s i n s o i l s a t u r a t i o n c a n t h u s be 
e x p e c t e d t o have some i n f l u e n c e upon s t r e a m s e d i m e n t t r a n s -
p o r t d u r i n g f l o o d p e r i o d s . 
5.2 V a r i a t i o n s i n f l o o d p e r i o d s u s p e n d e d i 
• s e d i m e n t c o n c e n t r a t i o n 
5.2.1 Sediment Rating Curves 
I n m o s t s t r e a m s s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n s v a r y 
c o n s i d e r a b l y o v e r s t o r m e v e n t s r i s i n g by as much as s e v e r a l 
o r d e r s o f m a g n i t u d e o v e r b a s e f l o w v a l u e s . These v a r i a t i o n s 
a r e o f t e n d e f i n e d by means o f a s e d i m e n t r a t i n g c u r v e w h i c h 
m o s t commonly t a k e s t h e f o r m o f a l o g / l o g p l o t o f m e a s u r e d 
s e d i m e n t c o n c e n t r a t i o n a g a i n s t s t r e a m d i s c h a r g e a t t h e t i m e 
o f s a m p l i n g . When c o m b i n e d w i t h a flow d u r a t i o n c u r v e , 
s e d i m e n t r a t i n g c u r v e s c a n p r o v i d e a c o n v e n i e n t m e t h o d o f 
e s t i m a t i n g l o n g t e r m s e d i m e n t y i e l d s a nd i s p a r t i c u l a r l y . 
u s e f u l w h e r e s e d i m e n t d a t a a r e s p a r s e and o t h e r m e t h o d s a r e 
u n f e a s i b l e ( M i l l e r 1 9 5 1 , P i e s t 1964, L o u g h r a n 1 9 7 6 ) . They 
ca n a l s o be u s e f u l l y e m p l o y e d a s a t o o l f o r c o m p a r i n g ... 
e r o s i o n r a t e s b e t w e e n c a t c h m e n t s ; t h e s l o p e o f t h e r e -
g r e s s i o n h a s been u s e d as a d i m e n s i o n l e s s i n d e x o f c a t c h m e n t 
e r o d i b i l i t y ( P a r s o n s e t a l 1964, B a u e r & T i l l e 1 9 6 7 ) . 
I n some s t r e a m s d i s c h a r g e o f f e r s o n l y p o o r e x p l a n a t i o n 
o f v a r i a t i o n s i n s e d i m e n t c o n c e n t r a t i o n . T h i s c a n l e a d t o 
l a r g e e r r o r s when r a t i n g c u r v e s a r e e m p l o y e d t o c a l c u l a t e 
y i e l d s as a m p l y d e m o n s t r a t e d by W a l l i n g ( 1 9 7 7 ) . The 
e f f i c i e n c y o f t h e r a t i n g c u r v e i s v e r y l a r g e l y a r e f l e c t i o n 
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o f s e d i m e n t s o u r c e s i n t h e s t r e a m c a t c h m e n t . F o r c a t c h -
m e n t s i n w h i c h s t r e a m c h a n n e l s p r o v i d e t h e m a j o r s o u r c e o f 
s u s p e n d e d s e d i m e n t , a s t r o n g c o r r e l a t i o n b e t w e e n s t r e a m 
s e d i m e n t c o n c e n t r a t i o n a n d s t r e a m d i s c h a r g e c a n be e x p e c t e d 
The s u p p l y o f s u s p e n d e d s e d i m e n t f r o m bed m a t e r i a l d e p e n d s 
upon t h e c o m p e t e n c e o f t h e s t r e a m t o l i f t p a r t i c l e s f r o m 
t h e s t r e a m bed and t h i s i n t u r n i s a f u n c t i o n o f s t r e a m 
d i s c h a r g e . S t r e a m d i s c h a r g e a l s o r e f l e c t s t h e p r o p o r t i o n 
o f t h e c h a n n e l n e t w o r k o c c u p i e d by s t r e a m f l o w and h e n c e 
c o n t r i b u t i n g t o s e d i m e n t t r a n s p o r t . F o r c a t c h m e n t s w h i c h 
h a v e a m a j o r s u p p l y o f s e d i m e n t f r o m o u t s i d e t h e c h a n n e l 
n e t w o r k , s e d i m e n t r a t i n g c u r v e s a r e l i k e l y t o be l e s s 
e f f i c i e n t . T h i s i s b e c a u s e s u p p l y o f s e d i m e n t f r o m c a t c h -
ment s l o p e s i s d e t e r m i n e d by p r e c i p i t a t i o n c h a r a c t e r i s t i c s 
a n d t h e c o n d i t i o n o f t h e c a t c h m e n t s u r f a c e . Because t h e r e 
i s no c a u s a l l i n k w i t h d i s c h a r g e t h e c o r r e l a t i o n i s p o o r . 
I n t h e N a r r a t o r c a t c h m e n t t h e r e i s l i t t l e r e l a t i o n 
b e t w e e n s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n and s t r e a m d i s -
c h a r g e . D u r i n g a f l o o d e v e n t w h i c h t o o k p l a c e on t h e 
2 9 t h A u g u s t 1976, f o r e x a m p l e , s u s p e n d e d s e d i m e n t c o n c e n t r a -
t i o n r e a c h e d 330 mg/£ a t a s t r e a m d i s c h a r g e o f o n l y 165 Us 
By c o n t r a s t , d u r i n g w i n t e r m o n t h s b a s e f l o w d i s c h a r g e i n t h e 
N a r r a t o r B r o o k e x c e e d s 200 £/s w h i l e s e d i m e n t c o n c e n t r a t i o n 
a t t h e s e t i m e s i s g e n e r a l l y l e s s t h a n 1 mg/£. The p o o r 
c o r r e s p o n d e n c e o f s e d i m e n t c o n c e n t r a t i o n w i t h s t r e a m d i s -
c h a r g e i n t h e N a r r a t o r B r o o k becomes p a r t i c u l a r l y a p p a r e n t 
f r o m e x a m i n a t i o n o f v a r i a t i o n s i n s e d i m e n t c o n c e n t r a t i o n s 
o v e r i n d i v i d u a l f l o o d e v e n t s . F o r a l l f l o o d e v e n t s i n t h e 
N a r r a t o r c a t c h m e n t d u r i n g t h e p e r i o d o f o b s e r v a t i o n , p e a k 
s e d i m e n t c o n c e n t r a t i o n p r e c e d e d p e a k d i s c h a r g e g i v i n g r i s e 
t o h i g h e r c o n c e n t r a t i o n s o n t h e r i s i n g l i m b f o r a g i v e n 
d i s c h a r g e t h a n on t h e f a l l i n g l i m b and r e s u l t i n g i n c l o c k -
w i s e h y s t e r e s i s ( f i g 5 . 3 ) . T h i s e f f e c t i n o t h e r c a t c h -
m e n t s i n B r i t a i n has b e e n r e l a t e d t o t h e a v a i l a b i l i t y o f 
s e d i m e n t on c a t c h m e n t s l o p e s ( W a l l i n g 1974b, Wood 1 9 7 7 ) . 
A v a i l a b i l i t y i s t h o u g h t t o be l i m i t e d , d e p e n d i n g u p o n t h e 
s i z e o f t h e s t o r m e v e n t and t h e i n t e r v a l s i n c e t h e p r e -
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H y d r o g r a p h s , s e d i m e n t g r a p h s and h y s t e r e s i s l o o p s f o r n i n e f l o o d e v e n t s r e c o r d e d 
a t S t . 1, N a r r a t o r B r o o k 
li-i in 
ceeding storm. As a r e s u l t , during the i n i t i a l p e r i o d of 
the storm sheet e r o s i o n and concommitant stream sediment 
c o n c e n t r a t i o n s are r e l a t i v e l y high, but as the a v a i l a b l e 
supply of sediment becomes exhausted c o n c e n t r a t i o n s may 
decrease before peak d i s c h a r g e i s reached. Clockwise 
h y s t e r e s i s i s thus t y p i c a l of catchments where the major 
supply of sediment i s from catchment s l o p e s r a t h e r than 
from the stream channel. 
I n c l u d e d i n f i g 5.3 are hydrographs, sediment graphs 
and h y s t e r e s i s loops f o r nine f l o o d events which o c c u r r e d 
during the period of o b s e r v a t i o n . Enough samples were 
c o l l e c t e d over these events to d e f i n e v a r i a t i o n s i n s e d i -
ment c o n c e n t r a t i o n i n some d e t a i l . Degree of h y s t e r e s i s 
for these nine events v a r i e s c o n s i d e r a b l y . For the f l o o d 
event which took p l a c e on the 29th to 30th of August 1976, 
peak sediment c o n c e n t r a t i o n and peak d i s c h a r g e v i r t u a l l y 
c o i n c i d e and as a r e s u l t , h y s t e r e s i s i s b a r e l y apparent. 
At the other extreme, f or the event which took p l a c e on the 
12th to 13th of March 1976, peak sediment c o n c e n t r a t i o n was 
a t t a i n e d 10 hours before peak dis c h a r g e and h y s t e r e s i s i s 
p a r t i c u l a r l y pronounced. T h i s v a r i a t i o n i n the degree of 
h y s t e r e s i s can be e x p l a i n e d to some e x t e n t on the b a s i s of 
sediment a v a i l a b i l i t y . H y s t e r e s i s i s most pronounced f o r 
the l a r g e r floods which f o l l o w wet periods such as 12-
13/3/76, 21-22/3/76 and 14-15/10/76. Quickflow r u n o f f s 
for these three events are 57, 28 and 58 m*^ .10"^  r e s p e c t i v e l y 
and antecedent p r e c i p i t a t i o n ( A P I ^ Q ) 18, 11 and 30 mm 
r e s p e c t i v e l y . Sediment c o n c e n t r a t i o n s f o r these events 
are c o n s i d e r a b l y g r e a t e r during the r i s i n g stage than during 
the f a l l i n g stage. For example, the event which took p l a c e 
on the 21st to 22nd of March 1976 recorded a sediment con-
c e n t r a t i o n of 18 mg/£ a t a di s c h a r g e of 500 £/s on the 
r i s i n g stage of the fl o o d . By the time di s c h a r g e reached 
500 lis on the f a l l i n g stage of the fl o o d sediment concen- . 
t r a t i o n had dropped to only 1.5 mg/£. For smal l f l o o d 
events f o l l o w i n g dry p e r i o d s , such as 4-5/8/75 and 29-30/8/ 
76 (quickflow runoff 0.4 and 1.4 m'^ .IO'^  r e s p e c t i v e l y and 
A P I ^ Q 7 and O mm r e s p e c t i v e l y ) a v a i l a b l e supply of sediment 
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i s not exhausted to the same degree and sediment c o n c e n t r a -
t i o n s on r i s i n g and f a l l i n g stages are more comparable. 
At a di s c h a r g e of 150 Lis on the r i s i n g stage of the event 
of 29-30/8/76 sediment c o n c e n t r a t i o n i s 55 mg/£ i n compari-
son to 50 mg/£ a t the same d i s c h a r g e on the f a l l i n g s t a g e . 
The s i t u a t i o n i s not q u i t e as simple as t h i s , however, 
s i n c e h y s t e r e s i s f o r the flood event of 13-14/9/75 d i s p l a y s 
more pronounced h y s t e r e s i s than the flood event of 3-4/10/ 
76 even though the former event i s s m a l l e r (quickflow run-
o f f 8 and 13 m'^ ,10'^  r e s p e c t i v e l y ) and has a lower a n t e c e -
dent p r e c i p i t a t i o n (API^^ 14 and 86 mm r e s p e c t i v e l y ) . The 
reason f o r t h i s d i s c r e p a n c y i s not c l e a r . 
I n catchments where sheet e r o s i o n i s a prominent . 
source, as w e l l as c o n t r a s t s i n sediment c o n c e n t r a t i o n be-
tween r i s i n g and f a l l i n g stage of the hydrograph, s e a s o n a l 
c o n t r a s t s i n c o n c e n t r a t i o n a l s o commonly a r i s e . S e v e r a l 
s t u d i e s i n B r i t a i n have reported higher sediment c o n c e n t r a -
t i o n s i n summer for a given d i s c h a r g e than i n winter 
(Walling 1971a, Oxley 1974, Lewin e t a l 1974, Wood 1977). 
I n the N a r r a t o r Brook during the p e r i o d of o b s e r v a t i o n mean 
dis c h a r g e weighted sediment c o n c e n t r a t i o n of quick f l o w f o r 
summer months ( A p r i l to September) i s 36,3 mg/£ i n compari-
son to 20.6 rng/^ f o r winter months (October to March). 
Higher summer c o n c e n t r a t i o n s have been v a r i o u s l y a t t r i b u t e d 
to g r e a t e r r a i n f a l l i n t e n s i t y and e r o s i v i t y i n summer 
months, g r e a t e r e r o d i b i l i t y of catchment s o i l s which are 
d r i e r i n summer thus i n f l u e n c i n g the a v a i l a b i l i t y of' s e d i -
ment, or a decrease i n v e g e t a t i o n cover r e l a t e d to a g r i c u l -
t u r a l p r a c t i c e s . I n some B r i t i s h ' streams higher w i n t e r 
c o n c e n t r a t i o n s have a l s o been r e p o r t e d (Jackson 1964, 
Imeson 1971a). C l e a r l y , season has a profound i n f l u e n c e 
upon f l o o d p e r i o d sediment c o n c e n t r a t i o n s which i s indepen-
dent of seasonal v a r i a t i o n s i n stream runoff, but the 
mechanisms i n v o l v e d are poorly understood. 
The poor correspondence of sediment c o n c e n t r a t i o n to 
stream d i s c h a r g e i n the Narrator Brook can be seen from the 
sediment r a t i n g p l o t which was compiled from 210 samples 
c o l l e c t e d during storm events over the period of observa-
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t i o n ( f i g 5,4). The degree of s c a t t e r o b v i o u s l y p r e c l u d e s 
any r e l i a b l e p r e d i c t i o n of sediment c o n c e n t r a t i o n from 
stream d i s c h a r g e ; the standard e r r o r i n the r e g r e s s i o n of 
sediment c o n c e n t r a t i o n and d i s c h a r g e for t o t a l o b s e r v a t i o n s 
i s 0.55 log u n i t s ( t a b l e 5.2). T h i s means t h a t i t i s only 
p o s s i b l e to be 95% c o n f i d e n t t h a t the a c t u a l sediment con-
c e n t r a t i o n i s w i t h i n an order of magnitude both above and 
below the p r e d i c t e d v a l u e . Attempts have p r e v i o u s l y been 
made to improve poor r a t i n g c u r v e s by c o n s t r u c t i n g s e p a r a t e 
curves f o r r i s i n g and f a l l i n g s t a g e s of flood events 
(Temple & Sundborg 1972, Oxley 1974, Loughran 1976), or f o r 
d i f f e r e n t seasons ( H a l l 1967, V i c e e t a l 1968, Brown 1972), 
Although i n s p e c t i o n of the sediment r a t i n g p l o t for the 
Narrator Brook i n d i c a t e s t h a t c l a s s i f y i n g the sediment data 
i n t h i s way would undoubtedly improve the s i t u a t i o n , the 
r e s u l t would be c l e a r l y s t i l l f a r from s a t i s f a c t o r y i n 
terms of s u c c e s s f u l modelling of sediment dynamics. Sepa-
r a t i o n of the sediment c o n c e n t r a t i o n data according to 
season boosts e x p l a n a t i o n of v a r i a n c e by stream d i s c h a r g e 
for both winter and summer seasons to 14.4% compared to 
6.3% f o r t o t a l o b s e r v a t i o n s ( t a b l e 5.2). F u r t h e r s e p a r a -
t i o n according to stage of the hydrograph i n c r e a s e s explana-
t i o n of v a r i a n c e i n the case of both winter f a l l i n g and 
Table 5.2 C o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g suspended 
sediment c o n c e n t r a t i o n to stream d i s c h a r g e 
according to season and stage of the hydrograph. 
Na r r a t o r Brook, main gauging s i t e , 1975/76. 
(Data log transformed). 
Total S W R F Vm WF SR SF 
Number of 
observations 210 66 144 120 90 93 51 27 39 
Correlation 
c o e f f i c i e n t 0.25 0.38 0.38 0.21 .20 0.33 0.48 0.30 0.47 
Percentage 
explanation 6.3 14.4 14.4 4.4 4.0 10.9 23.0 9.0 22.1 
Standard error 
(log units) 0.55 0.56 0.50 0.49 0.50 0.44 0.37 0.56 0.49 
S-summer, W-winter, R- r i s i n g stage, F - f a l l i n g stage 
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summer f a l l i n g to over 22% while f o r winter r i s i n g and 
summer r i s i n g e x p l a n a t i o n of v a r i a n c e f a l l s to 10.9% and 
9.0% r e s p e c t i v e l y . T h i s d i s p a r i t y between f a l l i n g and 
r i s i n g stages can be t r a c e d to the c l o c k w i s e h y s t e r e s i s 
which c h a r a c t e r i z e s sediment c o n c e n t r a t i o n v a r i a t i o n s over 
flood events i n the Narrator Brook. Peak sediment con-
c e n t r a t i o n always preceeds peak d i s c h a r g e so t h a t during 
r i s i n g stages sediment c o n c e n t r a t i o n undergoes a r i s i n g 
trend followed by a f a l l i n g t r e n d . For f a l l i n g s t a g e s the 
c o r r e l a t i o n with d i s c h a r g e i s stronger because sediment 
c o n c e n t r a t i o n s d e c l i n e throughout the flood r e c e s s i o n from 
peak d i s c h a r g e to baseflow; t h e r e i s no r e v e r s a l of t r e n d . 
P a r a d o x i c a l l y , c l o c k w i s e h y s t e r e s i s a l s o means t h a t 
g e n e r a l l y the g r e a t e r p a r t of f l o o d p e r i o d suspended s e d i -
ment i s d i s c h a r g e d during the r i s i n g stage so t h a t f o r t h i s 
stage of the hydrograph e s t i m a t i o n of sediment c o n c e n t r a -
t i o n s becomes more c r i t i c a l than f o r the f a l l i n g s t a ge. The 
four separate sediment r a t i n g p l o t s , winter f a l l i n g s t a g e s , 
summer f a l l i n g s t a g e s , w i n t e r r i s i n g stages and summer 
r i s i n g stages are a l l b e t t e r defined than a s i n g l e combined 
p l o t ( f i g 5.5), However, only i n the case of the w i n t e r 
f a l l i n g r a t i n g p l o t i s the standard e r r o r small enough 
(0.37 log u n i t s ) to permit meaningful p r e d i c t i o n of s e d i -
ment c o n c e n t r a t i o n from stream d i s c h a r g e ( t a b l e 5.2). 
For catchments i n which s l o p e s c o n t r i b u t e s i g n i f i c a n t l y 
to suspended sediment, hydrometeorological v a r i a b l e s are 
l i k e l y to be much more v a l u a b l e than stream d i s c h a r g e f o r 
d e f i n i n g v a r i a t i o n s i n suspended sediment c o n c e n t r a t i o n . 
A m u l t i v a r i a t e approach i s a l s o l i k e l y to be more s u c c e s s -
f u l than a b i v a r i a t e one. 
5.2.2 Multivariate Analysis 
C o r r e l a t i n g instantaneous sediment c o n c e n t r a t i o n s with 
hydrometeorological f a c t o r s i s not p o s s i b l e because of a 
v a r i a b l e l a g between production of sediment by sheet e r o s i o n 
on the catchment s u r f a c e and stream sediment c o n c e n t r a t i o n s 
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observed a t the catchment o u t l e t . Mean di s c h a r g e weighted 
suspended sediment c o n c e n t r a t i o n of qu i c k f l o w f or i n d i v i d u a l 
flood events, computed from equations 3.2 and 3.3, e l i m i -
nates the problem of l a g and a l s o removes the e f f e c t of 
v a r i a b l e d i l u t i o n of storm runoff c o n c e n t r a t i o n s by base-
flow. Since sediment i s su p p l i e d to the stream channel 
l a r g e l y by storm ru n o f f , the higher the baseflow component 
of stream d i s c h a r g e , the lower observed stream sediment 
c o n c e n t r a t i o n s are l i k e l y to be. T h i s i m p a i r s c o r r e l a t i o n 
with the hydrometeorological c o n t r o l s which govern the 
supply of sediment i n storm r u n o f f . 
Mean di s c h a r g e weighted sediment c o n c e n t r a t i o n of 
quickflow was t e s t e d by m u l t i p l e r e g r e s s i o n a n a l y s i s a g a i n s t 
s e v e r a l h y d r o l o g i c a l and hydrometeorological v a r i a b l e s . A 
l a r g e measure of i n t e r r e l a t i o n i s apparent among these 
v a r i a b l e s ( t a b l e 5.3). The independent a f f e c t of each 
v a r i a b l e was a s s e s s e d from the r e s u l t s of p a r t i a l F - t e s t s 
f o r a d d i t i o n of v a r i a b l e s to a m u l t i p l e r e g r e s s i o n . F i v e 
of the ten v a r i a b l e s t e s t e d are s i g n i f i c a n t l y c o r r e l a t e d , 
a t the 0.01 l e v e l or b e t t e r , v;ith mean quick f l o w sediment 
c o n c e n t r a t i o n . Only two, however, c o n t r i b u t e s i g n i f i c a n t l y 
a t the 0.01 l e v e l , to e x p l a n a t i o n of v a r i a n c e i n mean q u i c k -
flow sediment c o n c e n t r a t i o n . These are maximum two hour 
p r e c i p i t a t i o n and baseflow d i s c h a r g e preceeding the fl o o d 
( t a b l e 5.4). These two v a r i a b l e s together account f o r 70% 
of observed v a r i a n c e i n mean di s c h a r g e weighted sediment 
c o n c e n t r a t i o n of quick f l o w i n the Nar r a t o r Brook at the 
main gauging s i t e over the period of o b s e r v a t i o n (equation 
5.1) 
LOG Y = 2.81 + 1,11 LOG X, - 0.48 LOG^X^ (5.1) 
e e l e 2 
n = 3 7 r = 0.83 S.E = 0.493 log ^ u n i t s 
Y = mean disc h a r g e weighted sediment c o n c e n t r a t i o n of 
quickflow(mg/£) 
X^ = maximum 2-hour p r e c i p i t a t i o n (mm) 
X2 =• baseflow d i s c h a r g e preceeding f l o o d event {t/s) 
I t i s u n l i k e l y t h a t t h e r e are any other major c o n t r o l s which 
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Table 5.3 C o r r e l a t i o n matrix showing the degree of i n t e r ' 
r e l a t i o n between h v d r o l o a i c a l and hvdrometeoro' 
l o g i c a l v a r i a b l e s f o r 37 f l o o d events i n the 
Narrator catchment (data log transformed). 
1 2 3 4 5 6 1 8 
2 -0.41 
Significance 0.01 O.OOl 3 -0,66 r 0.42 0.53 
4 -O. 10 0, 52 0.37 n . = 37 
5 -0,53 0, 54 0,47 0.32 
6 -O. 13 0.41 0.33 0.39 0.33 
7 0.46 0. 19 -0.28 0,45 -O. 14 0.42 
6 0.41 0. lO -0.01 0,60 -0.27 0,56 0.29 
9 0, 71 -0.20 '0,46 -0.08 -0,60 • -0.07 0.20 0.36 
lO -0.24 a. 73 0,50 0,95 0.45 0.34 0.25 0.49 
1 Maximum two hour p r e c i p i t a t i o n 
2 Baseflow discharge preceeding flood event 
3 Seasonal index 
4 Peak discharge 
5 Antecedent p r e c i p i t a t i o n (API^^) 
6 Quckflow runoff 
7 Total p r e c i p i t a t i o n 
8 I n t e n s i t y of flood r i s e 
9 Mean p r e c i p i t a t i o n i n t e n s i t y 
10 Mean discharge 
Figures in i t a l i c s indicate s i g n i f i c a n t c o r r e l a t i o n s at the O.Ol l e v e l 
or better 
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Table 5.4 R e s u l t s of m u l t i p l e r e g r e s s i o n a n a l y s i s of 
v a r i a t i o n s i n mean d i s c h a r g e weighted suspended 
sediment c o n c e n t r a t i o n of q u i c k f l o w at St 1, 
Narrator Brook. 
DEPENDENT VARIABLE 
Mean discharge weighted suspended sediment concentration of quickflow, 
Independent Variables C o e f f i c i e n t s 
Total 9th Order P a r t i a l 
Correlation Correlation P a r t i a l 
C o e f f i c i e n t s F Values 
1 Maximum two hour 
p r e c i p i t a t i o n 0.77 
2 Baseflow discharge pre-
ceeding flood event -0.61 
3 Seasonal index -0.46 
4 Peak discharge -0.07 
5 Antecedent p r e c i p i t a t i o n 
( A P I ^ Q ) - 0 . 5 8 
6 Quickflow runoff - 0 . 1 3 
7 Total p r e c i p i t a t i o n 0.40 
8 Intensity of flood r i s e 0 .35 
9 Mean p r e c i p i t a t i o n i n -
t e n s i t y 0 .54 
10 Mean discharge - 0 . 2 8 
0 . 5 8 
-0.41 
0 . 3 9 
0.31 
- 0 . 1 2 
- 0 . 2 5 
-O. 20 
-0.17 
0.14 
- 0 . 1 3 
4 9 . 0 8 
12.00 
34 0 o Z 7. CT 
ifi 
on 0 
CJ- O rr w 
3. 36 O r( H-< H-
o 0 O* a r- H-a rr t-tl < H- H-
30 3 0 n 1 . rr n D ai 
H- 3 < c; rr 
73 D O 2. O iab O 0. 45 le 
0.89 
0.30 
0.42 
LEVEL OF 
SIGNIFICANCE 0.01 
0.42 
7.44 for 1 to 7.72 for 10 
O.OOl 
0.53 
12.95 to 13.74 
n = 37 Percent Explanation ( a l l variables) 81.4% 
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have been unaccounted f o r ; much of the remaining unex-
p l a i n e d v a r i a n c e i s probably due to experimental e r r o r , 
p a r t i c u l a r l y a s s o c i a t e d with sampling techniques. 
Both independent v a r i a b l e s i n equation 5.1 are r e a d i l y 
obtained from r a i n and water l e v e l c h a r t s , and t h i s equation 
can provide a convenient estimate of sediment c o n c e n t r a t i o n 
for i n d i v i d u a l flood events where sediment data i s not 
a v a i l a b l e . P r e d i c t e d v a l u e s can be m u l t i p l i e d by q u i c k f l o w 
runoff to o b t a i n sediment y i e l d f o r the f l o o d event. I n -
d i v i d u a l events can then be summed to o b t a i n long term 
y i e l d s . With r e s p e c t to the N a r r a t o r catchment t h i s method 
i s c l e a r l y v a s t l y s u p e r i o r to the sediment r a t i n g c u r v e / f l o w 
d u r a t i o n curve method. Equation 5.1 can be extended beyond 
the period of r e c o r d with some confidence s i n c e t h i s p e r i o d 
covered a wide range of hydrometeorological c o n d i t i o n s . I t 
i s a d v i s a b l e , however, to renew the equation p e r i o d i c a l l y on 
the b a s i s of f r e s h o b s e r v a t i o n s s i n c e the r e l a t i v e c o n t r i -
bution from the sediment sources i n the catchment may 
change over time. 
The s i g n i f i c a n c e of p r e c i p i t a t i o n i n t e n s i t y can be r e -
l a t e d to supply of sediment from catchment s l o p e s . Rain 
s p l a s h breaks down s o i l aggregates and thereby makes s e d i -
ment a v a i l a b l e f o r t r a n s p o r t by o v e r l a n d flow. Rain 
s p l a s h i s determined by the k i n e t i c energy of p r e c i p i t a t i o n 
which i n turn i s a f u n c t i o n of p r e c i p i t a t i o n i n t e n s i t y 
(Hudson 1971, Morgan 1979). Sediment c o n c e n t r a t i o n s i n 
the Narrator Brook are more s e n s i t i v e to maximum two hour 
p r e c i p i t a t i o n (r = 0.77, n = 37) than to mean p r e c i p i t a t i o n 
i n t e n s i t y (r = 0.54, n = 37). T h i s i s due to the d i s t r i -
bution of k i n e t i c energy over a storm event. K i n e t i c 
energy i n c r e a s e s e x p o n e n t i a l l y with p r e c i p i t a t i o n i n t e n s i t y 
and f o r a given r a i n f a l l amount of a given d u r a t i o n , more 
energy w i l l be expended when the r a i n i s p a r t i a l l y concen-
t r a t e d i n t o a s h o r t period than i f i t i s evenly d i s t r i b u t e d . 
I t i s l i k e l y t h a t s h o r t e r i n t e n s i t i e s than the two hour 
period s used i n t h i s a n a l y s i s would be s t i l l more s u c c e s s f u l ; 
h a l f - h o u r i n t e n s i t i e s are employed, for example, i n the 
U n i v e r s a l S o i l Loss Equation (Wischmeier & Smith 1958). 
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Two hour i n t e n s i t y , however, i s the minimum period i n t e n s i t y 
t h a t can be r e l i a b l y a b s t r a c t e d from weekly autographic 
r a i n c h a r t s . 
S a t u r a t i o n overland flow i s widespread i n the N a r r a t o r 
catchment, p a r t i c u l a r l y i n the moorland region of the 
catchment. A n a l y s i s of s o i l w e l l data r e v e a l s t h a t p r e -
c i p i t a t i o n i n t e n s i t y has l i t t l e i n f l u e n c e upon s o i l s a t u r a -
t i o n ; the c h i e f c o n t r o l i n t h i s regard i s t o t a l storm 
p e r i o d p r e c i p i t a t i o n . T h i s f a c t o r , however, has no s i g n i -
f i c a n t independent e f f e c t upon sediment c o n c e n t r a t i o n (9th 
order p a r t i a l c o r r e l a t i o n c o e f f i c i e n t = -0.20, n = 3 7 ) . 
T h i s suggests t h a t overland flow may be e s s e n t i a l l y a 
t r a n s p o r t i n g agent removing the sediment made a v a i l a b l e by 
r a i n s p l a s h ; i t i s l a r g e l y i n e f f e c t i v e as an e r o s i o n agent 
i n i t s own r i g h t . T h i s c o n f l i c t s with the r e s u l t s of 
l a b o r a t o r y experimental i n v e s t i g a t i o n s of Bryan (1976,77) 
but i s i n accord with the view of most a u t h o r i t i e s on t h i s 
matter (Hudson 1971, Stocking & E l w e l l 1976, Wischmeier 
1977, Morgan 1979). 
As w e l l as making sediment a v a i l a b l e f o r t r a n s p o r t by 
overland flow on catchment s l o p e s , r a i n s p l a s h on exposed 
channel banks may be r e s p o n s i b l e f o r supplying sediment 
d i r e c t l y to the stream without the a s s i s t a n c e of o v e r l a n d 
flow. D i r e c t c o n t r i b u t i o n of sediment by r a i n s p l a s h may 
a l s o occur a t c a t t l e c r o s s i n g p o i n t s where trampling has 
c r e a t e d l o c a l i z e d a r e a s of bare e a r t h immediately a d j a c e n t 
to the stream. 
E x p l a n a t i o n f o r the emergence of antecedent baseflow 
dis c h a r g e as a s i g n i f i c a n t independent c o n t r o l of mean f l o o d 
period sediment c o n c e n t r a t i o n s i n the Narrator Brook i s not 
as s t r a i g h t forward as appears a t f i r s t s i g h t . Guy (1964) 
and Walling & Teed (1971) are among the few s t u d i e s which 
have p r e v i o u s l y employed antecedent baseflow d i s c h a r g e i n 
m u l t i v a r i a t e a n a l y s i s of stream sediment dynamics. I n both 
c a s e s i t was used as a surrogate f o r catchment wetness and 
in both c a s e s i t proved to be an important c o n t r o l of s u s -
pended sediment dynamics. The s i g n i f i c a n c e of catchment 
wetness i s u s u a l l y i n t e r p r e t e d i n terms of e r o d i b i l i t y of 
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the s o i l s u r f a c e and the consequent a v a i l a b i l i t y of s e d i -
ment f o r sheet e r o s i o n . Moisture improves the cohesion of 
s o i l thus reducing i t s s u s c e p t i b i l i t y to e r o s i o n . Antece-
dent p r e c i p i t a t i o n i s more commonly used as an index of 
catchment wetness. I n a m u l t i p l e r e g r e s s i o n a n a l y s i s of 
sediment dynamics i n an E a s t Devon catchment, antecedent 
p r e c i p i t a t i o n and season emerged as s i g n i f i c a n t independent 
c o n t r o l s (Walling 1974b). S i m i l a r l y i n a m u l t i v a r i a t e 
a n a l y s i s of suspended sediment v a r i a t i o n s i n an E a s t York-
s h i r e catchment, antecedent p r e c i p i t a t i o n and season combined 
to form the p r i n c i p l e component (Imeson 1971a). Season i s 
important with r e s p e c t to catchment wetness because i t de-
termines r a t e s of e v a p o t r a n s p i r a t i o n ; catchments w i l l be 
d r i e r i n summer for a given antecedent p r e c i p i t a t i o n than i n 
w i n t e r . Although antecedent p r e c i p i t a t i o n i s s i g n i f i c a n t l y 
c o r r e l a t e d with q u i c k f l o w sediment c o n c e n t r a t i o n (r = -0.58, 
n = 37) i t s independent a f f e c t i n the presence of antecedent 
baseflow d i s c h a r g e i s minor (9th order p a r t i a l c o r r e l a t i o n = 
-0.12, n = 37). Antecedent p r e c i p i t a t i o n i s probably a 
more s e n s i t i v e measure of catchment wetness than antecedent 
baseflow d i s c h a r g e . P r e c i p i t a t i o n f a l l i n g on a dry c a t c h -
ment may be l a r g e l y absorbed by the s o i l with n e g l i g i b l e 
c o n t r i b u t i o n to groundwater storage, so t h a t a r a i n storm 
event may fundamentally a l t e r catchment wetness without t h i s 
being r e f l e c t e d i n baseflow d i s c h a r g e . S i m i l a r l y , although 
there i s a strong s e a s o n a l trend i n the sediment dynamics of 
the N arrator Brook, with higher c o n c e n t r a t i o n s during summer 
months (r = -0,46, n = 37) t h i s i s e n t i r e l y a r e f l e c t i o n of 
s e a s o n a l v a r i a t i o n s i n p r e c i p i t a t i o n i n t e n s i t y (r = -0.66, 
n = 37). The 9th order p a r t i a l c o r r e l a t i o n c o e f f i c i e n t r e -
l a t i n g seasonal index to mean qu i c k f l o w sediment c o n c e n t r a -
t i o n (0.39 n = 37) i s p o s i t i v e r a t h e r than n e g a t i v e . 
The l a c k of any s i g n i f i c a n t independent c o r r e l a t i o n of 
antecedent p r e c i p i t a t i o n and season with sediment c o n c e n t r a -
t i o n i n the N a r r a t o r Brook suggests t h a t the s i g n i f i c a n c e of 
antecedent baseflow d i s c h a r g e does not r e l a t e to catchment 
wetness and supply of sediment from sheet e r o s i o n . I t 
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probably r e l a t e s i n s t e a d to supply of sediment from bank 
e r o s i o n which has been shown to be an important source f o r 
suspended sediment i n the Narrator catchment. Stage i n 
a l l r i v e r s r i s e s more r a p i d l y , for a given increment of 
d i s c h a r g e , at lower i n i t i a l d i s c h a r g e s . Consequently, the 
lower the d i s c h a r g e before a flood event the g r e a t e r the 
area of bank th a t w i l l be inundated for a given q u i c k f l o w 
runoff and the g r e a t e r the supply of sediment t h a t can be 
expected from t h i s source. I n v e s t i g a t i o n s concerned with 
p r o c e s s e s of bank e r o s i o n have r e v e a l e d t h a t on exposed 
bank s u r f a c e s sediment i s made p o t e n t i a l l y a v a i l a b l e f o r 
f l u v i a l t r a n s p o r t by s u b - a e r i a l weathering (Wolman 1959, 
H i l l 1973, McGreal & Gardiner 1977). T h i s sediment e n t e r s 
f l u v i a l t r a n s p o r t when next the bank i s submerged. Base-
flow d i s c h a r g e i s a l s o an i n d i c a t i o n of the r e l a t i v e ex-
t e n s i o n of the drainage net i n the catchment. A l a r g e 
proportion of the channel network i n the Narrator catchment 
i s ephemeral (2.68 km out of a t o t a l of 9.88 km - t a b l e 2.4^ 
f i g 2.9). Large amounts of f i n e sediment may be f l u s h e d 
out of these channels when they become occupied by stream-
flow during flood e v e n t s . In view of i t s r e l a t i o n to the 
supply of f i n e s from w i t h i n the channel system, antecedent 
baseflow d i s c h a r g e i s p o t e n t i a l l y a very v a l u a b l e parameter 
f o r modelling suspended sediment dynam.ics; one t h a t has 
been overlooked i n many previous s t u d i e s . 
Although the s i g n i f c a n c e of antecedent baseflow d i s -
charge i s u n r e l a t e d to catchment wetness t h i s does not 
n e c e s s a r i l y imply t h a t catchment wetness has no e f f e c t upon 
s o i l e r o d i b i l i t y and a v a i l a b i l i t y of sediment on catchment 
s l o p e s . S o i l s a t u r a t i o n and r a t e of o v erland flow i n 
the moorland region of the Narrator catchment i n c r e a s e s s i g -
n i f i c a n t l y with catchment wetness. Both antecedent pre-
c i p i t a t i o n and season are s i g n i f i c a n t l y r e l a t e d to maximum 
s o i l w e l l l e v e l s i n t h i s s o i l type. I t may be t h a t t h i s 
l a r g e l y c a n c e l s out the e f f e c t of wetness upon s o i l e r o d i -
b i l i t y e x p l a i n i n g the poor performance of antecedent p r e -
c i p i t a t i o n and season i n m u l t i v a r i a t e a n a l y s i s of suspended 
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sediment dynamics. Although more sediment may become 
a v a i l a b l e on the catchment s u r f a c e during dry pe r i o d s t h i s 
i s o f f s e t by r e d u c t i o n i n the r a t e of overland flow which 
t r a n s p o r t s a v a i l a b l e sediment to the stream channel. T h i s 
may a l s o e x p l a i n the i n c o n s i s t e n t performance of antecedent 
p r e c i p i t a t i o n i n attempts to model s o i l l o s s which i s r e -
f e r r e d to by Morgan (1979). . 
-The. r e l a t i v e l y poor performance of the streamflow 
v a r i a b l e s i n c l u d e d i n the r e g r e s s i o n a n a l y s i s , peak d i s -
charge, mean d i s c h a r g e , i n t e n s i t y of fl o o d r i s e and qu i c k -
flow runoff, suggests t h a t bed m a t e r i a l does not c o n t r i b u t e 
g r e a t l y to t o t a l suspended sediment t r a n s p o r t . Streamflow 
determines the stream power a v a i l a b l e to e n t r a i n sediment 
p a r t i c l e s from the stream bed. I f bed m a t e r i a l were a 
s i g n i f i c a n t source of suspended sediment, streamflow p a r a -
meters would be expected to play a more prominent r o l e i n 
i n f l u e n c i n g v a r i a t i o n s i n mean qu i c k f l o w sediment concentra-
t i o n . 
I n a d d i t i o n to the a n a l y s i s at- the main gauging s i t e , 
mean di s c h a r g e weighted q u i c k f l o w sediment concentrations, 
a t S t s 11 and 21 were a l s o t e s t e d a g a i n s t h y d r o l o g i c a l and 
hydrometeorological v a r i a b l e s i n order to compare the r e -
s u l t s with those a t St 1. Since the number of flood 
events included i n the a n a l y s i s i s the same a t a l l t h r e e 
s t a t i o n s (n = 37), c o r r e l a t i o n c o e f f i c i e n t s can be d i r e c t l y 
compared ( t a b l e 5.5). Mean quick f l o w sediment c o n c e n t r a -
t i o n s a t S t 11 are s i m i l a r to those a t St 1, 1000 m down-
stream, although there i s some degree of independent v a r i a -
t i o n . The r a t i o of mean qu i c k f l o w c o n c e n t r a t i o n a t S t 11 
to mean quick f l o w c o n c e n t r a t i o n a t S t 1 v a r i e s from 0.33 to 
4.11 over 37 e v e n t s . The d i f f e r e n c e s i n mean qu i c k f l o w 
c o n c e n t r a t i o n s between S t 21 and St 11, 1220 m downstream 
are a l s o a p p r e c i a b l e . The r a t i o of mean quick f l o w con-
c e n t r a t i o n a t St 21 to mean quick f l o w c o n c e n t r a t i o n a t S t 
11 v a r i e s from 0.21 to 1.34. As these r a t i o s i n d i c a t e , 
mean quick f l o w c o n c e n t r a t i o n a t St 21 are g e n e r a l l y lower 
than those a t S t s 11 and 1, i n some i n s t a n c e s very much 
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Table 5,5 Product moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
mean d i s c h a r g e weighted suspended sediment con-
c e n t r a t i o n of quick f l o w to h y d r o l o g i c a l and 
hydrometeorological v a r i a b l e s f o r the three gaug-
ing s t a t i o n s on the Narrator Brook (data log 
transformed). 
INDEPENDENT VARIABLES St 1 St 11 St 21 
Maximum two hour p r e c i p i t a t i o n 0. ** .77 
** 
0.69 0. 
* 
60 
Baseflow discharge preceeding flood event -o. ** ,61. -0.51* -0. 
* 
52 . 
Antecedent p r e c i p i t a t i o n (API^^) -0. • * 58 
* * 54 
-0.47 -o. * 52 
Mean p r e c i p i t a t i o n i n t e n s i t y O. 0.52 0. 49* 
Seasonal index -O. * 48 -0.48* -0. 38 
Total p r e c i p i t a t i o n 0. 40 0.33 0. 16 
Mean flood period discharge -0. 28 -0.25 .o. 29 
In t e n s i t y of flood r i s e 0. 35 0.31 0. 18 
Quickflow runoff -0. 13 -0.12 -0. 20 
Peak discharge •-0. 07 -0.07 ^o. 17 
Percent explanation ( a l l variables) 81. 4 73.2 64. 8 
Significance l e v e l s * 0.01 ** 0.001 n = 37 throughout 
lower. For example, a fl o o d event which took p l a c e on the 
14th to 16th of October 1976 r e s u l t e d i n a mean d i s c h a r g e 
weighted q u i c k f l o w sediment c o n c e n t r a t i o n of 4.0 mg/1 a t 
St 21 compared with 19.2 mg/1 and 15.9 mg/1 a t S t s 11 and 1 
r e s p e c t i v e l y . Lower c o n c e n t r a t i o n s a t St 21 have r e s u l t e d i n 
a lower sediment y i e l d i n comparison to the other two gauging 
s i t e s and the reasons f o r t h i s are d i s c u s s e d i n chapter 7. 
The ten independent v a r i a b l e s i n cluded i n a n a l y s i s t o -
gether provided a b e t t e r e x p l a n a t i o n of v a r i a n c e in mean 
qui c k f l o w sediment c o n c e n t r a t i o n s a t S t 1 (81.4%) than a t 
S t s 11 and 21 (73.2% and 64.8% r e s p e c t i v e l y ) . The reason 
f o r t h i s probably l i e s i n the g r e a t e r number of flood 
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samples c o l l e c t e d a t St 1 p e r m i t t i n g more a c c u r a t e e s t i m a t e s 
of mean di s c h a r g e weighted q u i c k f l o w sediment c o n c e n t r a t i o n s 
At St 1, i n a d d i t i o n to the standard automatic vacuum 
operated stream sampler and r i s i n g stage samplers i n use a t 
a l l three gauging s i t e s , there i s a l s o an automatic vacuum 
operated stream sampler designed to c o l l e c t samples a t h a l f -
hour i n t e r v a l s during flood e v e n t s . At St 21, the percen-
tage e x p l a n a t i o n i s lowest f o r the three gauging s t a t i o n s . 
Lack of streamflow r e c o r d fpr some fl o o d events a t t h i s 
s t a t i o n , n e c e s s i t a t i n g e s t i m a t i o n of di s c h a r g e and runof f 
from flow r e c o r d s a t St 11, has probably impaired the 
accuracy of estimated mean qu i c k f l o w c o n c e n t r a t i o n s to some 
degree and t h i s i s r e f l e c t e d i n the r e l a t i v e l y high propor-
t i o n of unexplained v a r i a n c e . 
C o r r e l a t i o n c o e f f i c i e n t s f o r the .three gauging s i t e s 
are s i m i l a r , although v a l u e s are g e n e r a l l y lower a t S t s 11 
and 21 than a t St 1 f o r reasons d i s c u s s e d above ( t a b l e 5.5). 
At a l l t h r e e gauging s i t e s , maximum two-hour p r e c i p i t a t i o n 
i s the most important independent v a r i a b l e (r = 0.77, 0.69 
and 0,60 f o r S t s 1, 11 and 21 r e s p e c t i v e l y ) . The major 
c o n t r a s t between the s t a t i o n s r e l a t e s to the performance of 
antecedent baseflow d i s c h a r g e . At St 1 c o r r e l a t i o n of 
t h i s v a r i a b l e with mean qu i c k f l o w sediment c o n c e n t r a t i o n i s 
a p p r e c i a b l y g r e a t e r than f or the other two s t a t i o n s 
( r = 0.61, -0.51 and -0,52 f o r S t s 1, 11 and 21 r e s p e c -
t i v e l y ) . While antecedent baseflow d i s c h a r g e adds s i g n i f i -
c a n t l y to e x p l a n a t i o n of v a r i a n c e i n mean quickflow s e d i -
ment c o n c e n t r a t i o n provided by maximum two-hour p r e c i p i t a -
t i o n a t St 1 ( p a r t i a l F value = 12.0) i t f a i l s to do so a t 
S t s 11 and 2 1 . ( p a r t i a l F v a l u e s = 3.6 and 3.5 r e s p e c t i v e l y ) 
Maximum two-hour p r e c i p i t a t i o n i s the only s i g n i f i c a n t i n -
dependent c o n t r o l a t S t s 11 and 21. Since the s i g n i f i c a n c e 
of antecedent baseflow d i s c h a r g e probably r e l a t e s to supply 
of sediment from stream banks, these r e s u l t s suggest t h a t 
t h i s supply i s concentrated i n the f o r e s t region of the 
Narrator catchment between S t s 1 and 11. T h i s i s e n t i r e l y 
c o n s i s t e n t with measurements of bank e r o s i o n t h a t have been 
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made a l o n g t h e N a r r a t o r Brook, and w h i c h a r e d i s c u s s e d i n 
c h a p t e r 4. 
C o r r e l a t i o n of t o t a l p r e c i p i t a t i o n w i t h mean q u i c k f l o w 
s e d i m e n t c o n c e n t r a t i o n a l s o v a r i e s g r e a t l y i n s t r e n g t h f o r 
t h e t h r e e g a u g i n g s t a t i o n s . The c o r r e l a t i o n a t S t 21 i s 
o n l y 0.16 compared w i t h 0.40 a t S t 1. The d r a i n a g e a r e a 
above S t 21 i s 99% moorland w h i c h a p p e a r s from s o i l w e l l 
o b s e r v a t i o n s t o be s u b j e c t t o s a t u r a t i o n o v e r l a n d f l o w . 
L e v e l o f s a t u r a t i o n i n t h i s r e g i o n i s d e t e r m i n e d more by 
t o t a l p r e c i p i t a t i o n , o f s t o r m e v e n t s , t h a n .by p r e c i p i t a t i o n 
i n t e n s i t y . The r e l a t i v e l y low c o r r e l a t i o n o f t o t a l p r e -
c i p i t a t i o n t o mean q u i c k f l o w s e d i m e n t c o n c e n t r a t i o n a t S t 
21 i n d i c a t e s , a s s u g g e s t e d e a r l i e r , t h a t i n t h e a b s e n c e o f 
r a i n s p l a s h o v e r l a n d f l o w s u p p l i e s l i t t l e s e d i m e n t from 
c a t c h m e n t s l o p e s t o t h e s t r e a m c h a n n e l . O v e r l a n d f l o w i s 
n o t e f f e c t i v e a s an a g e n t o f e r o s i o n on p e a t y s o i l s ; i t s 
main r o l e i s t o t r a n s p o r t s e d i m e n t p a r t i c l e s t h a t have been 
d e t a c h e d from t h e s o i l s u r f a c e by r a i n s p l a s h . 
H a v i n g examined t h e p a t t e r n of. v a r i a t i o n i n s e d i m e n t 
t r a n s p o r t f o r f l o o d e v e n t s g e n e r a t e d by r a i n f a l l , i t i s 
p o s s i b l e t o a s s e s s t h e e x t e n t t o w h i c h t h e two s m a l l e v e n t s 
g e n e r a t e d by snowmelt (6-7/2/76 and 7-8/2/76) d e v i a t e 
from t h i s p a t t e r n . S i n c e both e v e n t s . w e r e c a u s e d by r a i n -
f a l l upon m e l t i n g snow, t h e c o n t r i b u t i o n o f snowmelt t o 
t o t a l q u i c k f l o w r u n o f f c a n n o t be e s t a b l i s h e d w i t h any p r e -
c i s i o n . Some i d e a o f t h e c o n t r i b u t i o n o f snowmelt c a n be 
o b t a i n e d by c o m p a r i n g o b s e r v e d q u i c k f l o w r u n o f f f o r t h e two 
e v e n t s w i t h p r e d i c t e d q u i c k f l o w r u n o f f from a m u l t i p l e r e -
g r e s s i o n e q u a t i o n b a s e d upon o b s e r v e d r u n o f f f o r a l l 71 
r a i n f a l l g e n e r a t e d f l o o d e v e n t s w h i c h o c c u r r e d d u r i n g t h e 
p e r i o d of o b s e r v a t i o n ( e q u a t i o n 5 . 2 ) . 
LOG Y = 2.391 LOG X +0.052 LOG X- + 1.109 LOG X.-6.605.. (5 . 2) e e l e 2 e 3 
Y= Q u i c k f l o w r u n o f f a s a p e r c e n t a g e o f p r e c i p i t a t i o n 
X^= T o t a l p r e c i p i t a t i o n o f s t o r m e v e n t 
X2= A n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ Q ) 
X^= S e a s o n a l i n d e x 
r = 0.80, n = 71, S.E. = 0.158 l o g ^ u n i t s 
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F o r both snowmelt e v e n t s , o b s e r v e d q u i c k f l o w r u n o f f 
e x c e e d s t h e range o f v a l u e s between two s t a n d a r d e r r o r s 
above and below p r e d i c t e d q u i c k f l o w r u n o f f ( t a b l e 5 . 6 ) . 
T a b l e 5,6 Runoff and s e d i m e n t y i e l d f o r two snowmelt 
g e n e r a t e d f l o o d e v e n t s i n c o m p a r i s o n t o e x p e c t e d 
v a l u e s . 
Flood 
Event 
6- 7/2/76 
7- 8/2/76 
6- 7/2/76 
7- 8/2/76 
6- 7/2/76 
7- 8/2/76 
Observed 
Value 
659 
6765 
6.4 
12.4 
4.2 
30.4 
Quickflow r u n o f f 
Mean d i s c h a r g e 
weighted sediment 
c o n c e n t r a t i o n of 
quickflow(mg/£) 
T r a n s p o r t of sediment 
by q u i c k f l o w (Kg) 
+ 2 
Standard 
E r r o r s 
209 
667 
8.9 
22.9 
1.9 
15.3 
P r e d i c t e d 
Value 
9 
29 
2.9 
7.5 
0.02 
0.2 
Standard 
E r r o r s 
0.4 
1.2 
0.9 
2.4 
0.0004 
0.003 
* P r e d i c t e d v a l u e s o b t a i n e d from e q u a t i o n s 5.1 and 5.2 
T h e s e r e s u l t s i n d i c a t e t h a t f o r t h e f i r s t e v e n t , a t l e a s t 
75% (450m^) o f q u i c k f l o w i s c o n t r i b u t e d by snowmelt and f o r 
t h e se c o n d e v e n t t h i s c o n t r i b u t i o n i s a t l e a s t 90% (6100mM 
Mean d i s c h a r g e w e i g h t e d s e d i m e n t c o n c e n t r a t i o n o f q u i c k f l o w 
f o r t h e two e v e n t s (6.4 and 12.4 mq/l f o r 6-7/2/76 and 
7-8/2/76 r e s p e c t i v e l y ) both f a l l w i t h i n t h e e x p e c t e d r a n g e 
o f v a l u e s o b t a i n e d from e q u a t i o n 5,1. However, a s a r e -
s u l t o f t h e . g r e a t e r t h a n e x p e c t e d r u n o f f , q u i c k f l o w t r a n s -
p o r t o f s e d i m e n t by t h e two e v e n t s e x c e e d s t h e range o f e x -
p e c t e d v a l u e s ( t a b l e 5 . 6 ) . The s e c o n d o f t h e two e v e n t s 
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n o t o n l y h a s a g r e a t e r q u i c k f l o w r u n o f f t h a n t h e f i r s t , b u t 
a l s o h as a g r e a t e r s e d i m e n t c o n c e n t r a t i o n . T h i s may p e r -
haps b e . e x p l a i n e d by t h e g r e a t e r a r e a o f c a t c h m e n t c l e a r e d 
o f snow and e x p o s e d t o e r o s i o n d u r i n g t h e c o u r s e o f t h e 
s e c o n d e v e n t . The .two snowmelt e v e n t s t o g e t h e r c o n t r i b u t e d 
0.13% o f t o t a l r u n o f f o v e r t h e p e r i o d o f o b s e r v a t i o n and 
0-18% o f t o t a l s e d i m e n t y i e l d . 
5.2.3 Variations in Particle Size Composition 
The low c o n c e n t r a t i o n s o f suspended s e d i m e n t i n t h e 
N a r r a t o r Brook p r e c l u d e c o n v e n t i o n a l methods o f p a r t i c l e 
s i z e a n a l y s i s . Minimum c o n c e n t r a t i o n s r e q u i r e d f o r t h e 
p i p e t t e and h y d r o m e t e r methods a r e 2 000 and 25 000 mg/£ 
r e s p e c t i v e l y (A.S,C.E. 1 9 6 9 b ) . The maximum c o n c e n t r a t i o n 
r e c o r d e d i n t h e N a r r a t o r d u r i n g t h e p e r i o d o f o b s e r v a t i o n 
was 330 mg£/; g e n e r a l l y f l o o d p e r i o d c o n c e n t r a t i o n s a r e 
below 50 mg/£. 
To overcome t h e p r o b l e m o f low c o n c e n t r a t i o n s i n t h e 
N a r r a t o r Brook suspended s e d i m e n t was c o l l e c t e d f o r p a r t i c l e 
s i z e a n a l y s i s i n a submerged c o n t a i n e r c l a m p e d to a m e t a l 
s u p p o r t e r e c t e d on t h e s t r e a m bed a t t h e main g a u g i n g s i t e 
( p l a t e 3 . 9 ) . The c o n t a i n e r i s a 350ml c y l i n d r i c a l . 
c a n n i s t e r w i t h a r e m o v a b l e l i d i n t o w h i c h i s c u t an o r i f i c e 
25 mm i n d i a m e t e r t o p e r m i t t h e e n t r y o f s e d i m e n t p a r t i c l e s . 
The c a n n i s t e r i s f i x e d i n an u p r i g h t p o s i t i o n i n r e l a t i v e l y 
s l a c k w a t e r i n t h e l e e o f t h e s u p p o r t i n g s t r u c t u r e . The 
o r i f i c e was s e t a t a h e i g h t o f 18 cm above t h e s t r e a m bed 
and r e m a i n e d below w a t e r t h r o u g h o u t t h e p e r i o d of o b s e r v a -
t i o n . Due t o the s m a l l s i z e o f o r i f i c e i n r e l a t i o n t o t h e 
volume o f the c o n t a i n e r , once s e d i m e n t h a s c o l l e c t e d i n t h e 
c o n t a i n e r i t c a n n o t s u b s e q u e n t l y be washed o u t u n l e s s t h e 
c o n t a i n e r i s a l l o w e d t o become a l m o s t f u l l . Over a p e r i o d 
o f t i m e suspended s e d i m e n t c o l l e c t s i n t h e open c o n t a i n e r 
a t a r a t e d e t e r m i n e d by t h e r a t e o f s t r e a m s e d i m e n t d i s -
c h a r g e and t h e s i z e o f the c o n t a i n e r o r i f i c e . Both t h e 
p e r i o d o f c o l l e c t i o n and t h e s i z e o f t h e o r i f i c e c a n be a d -
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j u s t e d t o o b t a i n a s u f f i c i e n t q u a n t i t y o f s e d i m e n t f o r 
p a r t i c l e s i z e a n a l y s i s by c o n v e n t i o n a l methods. By e x -
p e r i m e n t an o r i f i c e d i a m e t e r o f 25 mm combined w i t h a 
w e e k l y c o l l e c t i o n p e r i o d p r o v e d t o be t h e most s u i t a b l e 
scheme. D u r i n g d r y p e r i o d s i n w h i c h s e d i m e n t c o n c e n t r a -
t i o n s r e m a i n e d c o n s t a n t l y below 1 mq/l, t h e p e r i o d o f 
c o l l e c t i o n was e x t e n d e d t o up t o t h r e e weeks t o e n s u r e t h e 
r e q u i s i t e amount o f s e d i m e n t . The s e d i m e n t c o l l e c t e d was 
d r i e d a t 105°C and weighed. P a r t i c l e s i z e d i s t r i b u t i o n 
was d e t e r m i n e d by g e n t l y b r u s h i n g t h e d r i e d s e d i m e n t 
t h r o u g h a s e r i e s o f t e s t s i e v e s w i t h mesh s i z e s r a n g i n g 
from 2 mm t o 75 m i c r o n s . The p a r t i c l e s i z e d i s t r i b u t i o n 
o f suspended s e d i m e n t f o r i n d i v i d u a l c o l l e c t i o n p e r i o d s 
v a r i e s c o n s i d e r a b l y . F o r 2 o f t h e t o t a l o f 22 p e r i o d s o f 
c o l l e c t i o n , s e d i m e n t r e t a i n e d i n t h e submerged c o n t a i n e r i s 
100% f i n e r t h a n 300y, w h i l e f o r 4 p e r i o d s of c o l l e c t i o n 
s e d i m e n t i n c l u d e s p a r t i c l e s e x c e e d i n g 1 mm i n s i z e . The 
p e r c e n t a g e o f p a r t i c l e s f i n e r t h a n 75p v a r i e s from 37.4% t o 
97,1%. T h i s v a r i a t i o n i n p a r t i c l e - s i z e c o m p o s i t i o n a r i s e s 
b e c a u s e t r a n s p o r t o f c o a r s e p a r t i c l e s and f i n e p a r t i c l e s i n 
s u s p e n s i o n a r e s u b j e c t t o d i f f e r i n g c o n t r o l s . The w e i g h t 
of p a r t i c l e s l a r g e r t h a n 300p r e c o v e r e d from t h e submerged 
c o n t a i n e r f o r 22 p e r i o d s o f c o l l e c t i o n i s c l o s e l y r e l a t e d 
t o mean d i s c h a r g e f o r e a c h p e r i o d ( r = 0.61, n = 2 2 ) . The 
c o r r e l a t i o n w i t h mean d i s c h a r g e becomes p r o g r e s s i v e l y weaker 
w i t h d e c r e a s i n g p a r t i c l e s i z e ( t a b l e 5 . 7 ) . F o r s e d i m e n t 
T a b l e 5.7 P r o d u c t moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
i n d i v i d u a l s i z e f r a c t i o n s o f suspended s e d i m e n t 
t o s t r e a m d i s c h a r g e and p r e c i p i t a t i o n 
i n t e n s i t y ( d a t a u n t r a n s f o r m e d ) . 
< 75p 75Vi-150M 150y-300p > 300p 
* ** ** 
P e r i o d mean stream d i s - 0.40 0.48 . 0.54 0.61 
charge 
P e r i o d maximum two hour ** * * 
p r e c i p i t a t i o n 0.64 0.53 • 0.48 0.39 
n = 22 
S i g n i f i c a n c e l e v e l * 0.05 ** O.Ol 
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f i n e r t h a n 15\i c o l l e c t e d i n t h e submerged c o n t a i n e r , 
c o r r e l a t i o n w i t h mean d i s c h a r g e i s n o t s i g n i f i c a n t a t t h e 
0.05 l e v e l ( r = 0.40, n = 2 2 ) . The r e l a t i o n o f t h e w e i g h t 
o f s e d i m e n t r e t a i n e d i n t h e submerged c o n t a i n e r w i t h p r e -
c i p i t a t i o n i n t e n s i t y d i s p l a y s a r e v e r s e t r e n d . C o r r e l a t i o n 
i s h i g h e s t f o r s e d i m e n t f i n e r t h a n 15\i ( r = 0.64, n = 22) 
and d e c l i n e s w i t h i n c r e a s i n g p a r t i c l e s i z e t o o n l y r = 0.39 
(n = 22) f o r s e d i m e n t c o a r s e r t h a n 300'g. F o r f l o o d e v e n t s 
w i t h low peak d i s c h a r g e b u t g e n e r a t e d by h i g h i n t e n s i t y p r e -
c i p i t a t i o n s e d i m e n t t r a n s p o r t e d i n s u s p e n s i o n i s p r e d o m i -
n a n t l y f i n e . The c o l l e c t i o n p e r i o d 16/8/76 t o 6/9/76, f o r 
example, i n c l u d e d a s i n g l e f l o o d e v e n t w i t h a peak d i s c h a r g e 
o f 169 l/s and a maximum two-hour p r e c i p i t a t i o n o f 21.7 mm. 
Weight o f s e d i m e n t c o l l e c t e d i n t h e submerged c o n t a i n e r f o r 
t h i s p e r i o d i s 231 mg and 96.8% i s f i n e r t h a n 75y. The 
p a r t i c l e s i z e c o m p o s i t i o n o f s e d i m e n t t r a n s p o r t e d i n s u s -
p e n s i o n d u r i n g f l o o d e v e n t s w i t h a h i g h d i s c h a r g e g e n e r a t e d 
by low i n t e n s i t y p r e c i p i t a t i o n i s c o a r s e r . The c o l l e c t i o n 
p e r i o d 6/12/76 t o 13/12/76 i n c l u d e d , a s i n g l e f l o o d e v e n t 
w i t h peak d i s c h a r g e 693 l/s and a maximum two-hour p r e c i p i -
t a t i o n o f 6.0 mm. Weight o f s e d i m e n t c o l l e c t e d i n t h e 
submerged c o n t a i n e r d u r i n g t h i s p e r i o d i s 660 mg and o n l y 
46.6% i s f i n e r t h a n 75y, 
The d i f f e r i n g c o n t r o l s f o r c o a r s e and f i n e s e d i m e n t i n 
s u s p e n s i o n s u g g e s t t h a t t h e y have d i f f e r e n t s o u r c e s . How-
e v e r , i t i s a p p a r e n t from t a b l e 5.7 t h a t t h e r e i s no c l e a r 
d i v i s i o n i n t e r m s o f p a r t i c l e s i z e b u t r a t h e r t h e r e i s a 
g r a d a t i o n . F i n e s e d i m e n t , t r a n s p o r t o f w h i c h i s o n l y 
p o o r l y r e l a t e d t o d i s c h a r g e , i s p r o b a b l y d e r i v e d l a r g e l y 
from beyond t h e c h a n n e l n e t w o r k . C o a r s e r s e d i m e n t i s 
p r o b a b l y d e r i v e d l a r g e l y from w i t h i n t h e c h a n n e l . A 
l i k e l y s o u r c e f o r c o a r s e s u s p e nded p a r t i c l e s i s bed m a t e r i a l . 
Bed m a t e r i a l a l o n g t h e N a r r a t o r Brook c o n t a i n s an abundant 
s u p p l y o f medium t o c o a r s e sand d e r i v e d from t h e sandy 
growan w h i c h u n d e r l i e s the N a r r a t o r c a t c h m e n t . Suspended 
t r a n s p o r t o f p a r t i c l e s o r i g i n a t i n g from bed m a t e r i a l depends 
upon t h e power o f t h e s t r e a m t o e n t r a i n p a r t i c l e s from t h e 
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s t r e a m bed and hen c e , u n l i k e f i n e s e d i m e n t , t h e r e i s a 
d i r e c t f u n c t i o n a l r e l a t i o n w i t h d i s c h a r g e . T r a n s p o r t o f 
bed m a t e r i a l i n s u s p e n s i o n i s s e l e c t i v e i n t e r m s o f p a r t i c l e 
s i z e . W h i l e f i n e p a r t i c l e s s m a l l e r t h a n 300u were t r a n s -
p o r t e d i n s u s p e n s i o n t h r o u g h o u t t h e range o f f l o w s d u r i n g 
the p e r i o d of o b s e r v a t i o n down t o l o w e s t b a s e f low d i s c h a r g e s , 
p a r t i c l e s l a r g e r t h a n 300p a r e o n l y t r a n s p o r t e d above c e r -
t a i n c r i t i c a l d i s c h a r g e s ( f i g 5 . 6 ) , Suspended p a r t i c l e s 
l a r g e r t h a n 600p, f o r example, a r e r e s t r i c t e d t o d i s c h a r g e s 
g r e a t e r t h a n 500 lis. The d u r a t i o n o f d i s c h a r g e s a t w h i c h 
t h e s e l a r g e r s e d i m e n t p a r t i c l e s a r e t r a n s p o r t e d i s s h o r t 
( f i g 5 . 7 ) . D i s c h a r g e s g r e a t e r t h a n 500 £/s, f o r example, 
o c c u r r e d d u r i n g o n l y 2% o f t h e p e r i o d o f o b s e r v a t i o n . As 
2 0 0 0 1 
1 0 0 0 ^ 
^ 500 H 
P» 
O 
1;! 
200 H 
lOOH 
50 H 
F i g . 5.6 
T 
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Particle size (mm) 
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f ' i g . 5,7 F l o w d u r a t i o n c u r v e , S t . 1, N a r r a t o r 
:3rook, 1975/76 
a r e s u l t , a l t h o u g h t h e p r o p o r t i o n o f l a r g e p a r t i c l e s r e l a -
t i v e t o f i n e p a r t i c l e s i n s u s p e n d e d s e d i m e n t v a r i e s a c c o r d -
i n g t o s t r e a m f l o w and p r e c i p i t a t i o n i n t e n s i t y , o v e r a l l i t 
i s minor. P a r t i c l e s l a r g e r t h a n BOOy c o m p r i s e o n l y 7.7% 
of t o t a l s e d i m e n t c o l l e c t e d i n t h e submerged c o n t a i n e r o v e r 
t h e p e r i o d o f o b s e r v a t i o n a s a whole, and p a r t i c l e s l a r g e r 
t h a n 600y o n l y 1%, V a r i a t i o n s i n t h e c o n c e n t r a t i o n o f 
p a r t i c l e s l a r g e r t h a n SOOy t h u s have l i t t l e e f f e c t upon 
v a r i a t i o n s i n t o t a l s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n . I n 
m u l t i v a r i a t e a n a l y s i s o f v a r i a t i o n s i n t o t a l suspended 
s e d i m e n t c o n c e n t r a t i o n , d i s c u s s e d i n t h e p r e v i o u s s e c t i o n , 
s t r e a m d i s c h a r g e , w h i c h c o n t r o l s c o n c e n t r a t i o n o f l a r g e 
p a r t i c l e s , i s overshadowed by p r e c i p i t a t i o n i n t e n s i t y , w h i c h 
c o n t r o l s t h e c o n c e n t r a t i o n o f f i n e p a r t i c l e s . 
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5.3 V a r i a t i o n s i n b a s e f l o w suspended 
s e d i m e n t 
Suspended s e d i m e n t t r a n s p o r t e d d u r i n g b a s e f l o w p e r i o d s 
i n t h e N a r r a t o r Brook a c c o u n t s f o r 14.2% o f t o t a l s u s p e n d e d 
s e d i m e n t y i e l d from t h e N a r r a t o r c a t c h m e n t o v e r t h e p e r i o d 
o f o b s e r v a t i o n . A l t h o u g h c o n c e n t r a t i o n s a r e low, 
g e n e r a l l y below ^mg/t compared w i t h a mean c o n c e n t r a t i o n i n 
q u i c k f l o w o f 20.5mg/£, b a s e f l o w r u n o f f e x c e e d s t h a t o f 
q u i c k f l o w by 7 t i m e s (1150 and 162mm r e s p e c t i v e l y ) . Any r e l -
i a b l e e s t i m a t e o f t o t a l s e d i m e n t y i e l d must a l s o a c c o u n t f o r 
t r a n s p o r t o f s e d i m e n t d u r i n g b a s e f l o w and c o n s e q u e n t l y i t i s 
d e s i r a b l e t o know so m e t h i n g o f i t s d y n a m i c s . 
D u r i n g t h e p e r i o d o f r e s e a r c h , 28 s a m p l e s o f b a s e f l o w 
were c o l l e c t e d a t e a c h o f 30 s i t e s a l o n g t h e N a r r a t o r Brook 
a t a p p r o x i m a t e l y f o r t n i g h t l y i n t e r v a l s . Sediment concen-r 
t r a t i o n s i n t h e s e s a m p l e s a r e v e r y low i n c o m p a r i s o n t o 
f l o o d s a m p l e s . At t h e main g a u g i n g s i t e ( S t 1) s e d i m e n t 
c o n c e n t r a t i o n i n t h e 28 s a m p l e s c o l l e c t e d r a n g e s between 
2.2mg/^ on t h e 8 t h o f J u l y 1975 t o 0.1mg/£ on t h e 3 0 t h o f 
September 1975, and f o r 24 o f t h e 28 s a m p l e s c o n c e n t r a t i o n 
i s below ^mq/Z, A l t h o u g h s e d i m e n t t r a n s p o r t e d d u r i n g b a s e -
f l o w i s d e r i v e d from t h e s t r e a m c h a n n e l t h e r e i s no s i g n i f i -
c a n t c o r r e l a t i o n between b a s e f l o w c o n c e n t r a t i o n a t S t 1 and 
s t r e a m d i s c h a r g e a t t h e t i m e o f s a m p l i n g ( r = -0.32, n = 2 8 ) . 
.The low c o n c e n t r a t i o n s o f suspended s e d i m e n t d u r i n g b a s e f l o w 
p r e s e n t s a m a j o r d i f f i c u l t y i n a t t e m p t s t o a n a l y s e v a r i a - . 
t i o n s i n c o n c e n t r a t i o n . The r e p r o d u c i b i l i t y o f t h e f i l t r a -
t i o n method o f d e t e r m i n i n g s e d i m e n t c o n c e n t r a t i o n from s t r e a m 
s a m p l e s i s p r o b a b l y a t b e s t - 0.3mg/^, T h i s a c c o u n t s f o r 
a l a r g e p r o p o r t i o n o f t h e range i n o b s e r v e d v a l u e s a t S t 1 
and may be r e s p o n s i b l e f o r o b s c u r i n g any t r e n d s t h a t might 
e x i s t -
An a l t e r n a t i v e method o f i n v e s t i g a t i n g suspended s e d i -
ment d u r i n g b a s e f l o w i s from s e d i m e n t t r a p p e d i n a submerged 
c o n t a i n e r . The w e i g h t o f s e d i m e n t r e t a i n e d i n the sub-
merged c o n t a i n e r p r o v i d e s an a c c u r a t e i n d i c a t i o n o f t h e d i s -
c h a r g e o f suspended s e d i m e n t t h r o u g h t h e c h a n n e l c r o s s -
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s e c t i o n d u r i n g t h e p e r i o d o f c o l l e c t i o n ( r = 0.98, n = 9) 
( f i g 5 . 8 ) . O n l y t h o s e p e r i o d s o f s e d i m e n t c o l l e c t i o n 
where q u i c k f l o w r u n o f f formed a t l e a s t 5% o f t o t a l r u n o f f 
f o r t h e p e r i o d a r e i n c l u d e d i n f i g 5.8. C a l c u l a t i o n o f 
s uspended s e d i m e n t d i s c h a r g e f o r t h e s e p e r i o d s i s b a s e d 
upon s t r e a m s a m p l i n g d u r i n g f l o o d e v e n t s combined w i t h an 
assumed b a s e f l o w s e d i m e n t c o n c e n t r a t i o n o f 0.6mg/£. S i n c e 
b a s e f l o w c o n c e n t r a t i o n may be s u b j e c t t o t e m p o r a l f l u c t u a -
t i o n s t h i s p r o b a b l y a c c o u n t s f o r a l a r g e p a r t o f t h e 
s c a t t e r i n f i g 5.8. S i n c e t h e w e i g h t o f s e d i m e n t c o l l e c t e d 
i n the submerged c o n t a i n e r c o r r e s p o n d s c l o s e l y to measured 
s e d i m e n t d i s c h a r g e , v a r i a t i o n s i n t h e w e i g h t o f s e d i m e n t 
c o l l e c t e d i n t h e submerged c o n t a i n e r d u r i n g b a s e f l o w c a n be 
c o n s i d e r e d t o r e p r e s e n t v a r i a t i o n s i n b a s e f l o w s e d i m e n t 
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t r a n s p o r t . Weight o f s e d i m e n t r e t a i n e d i n t h e submerged 
c o n t a i n e r f o r t h o s e p e r i o d s o f c o l l e c t i o n where b a s e f l o w 
r u n o f f a c c o u n t s f o r a t l e a s t 99% o f t o t a l r u n o f f v a r i e s 
from 26.1mg/day t o 1.3mg/day, T h e s e v a r i a t i o n s a r e v e r y 
c l o s e l y r e l a t e d t o v a r i a t i o n s i n maximum d i s c h a r g e f o r t h e 
p e r i o d s of c o l l e c t i o n ( r = 0.97, n = 9 - f i g 5 . 9 ) . T h i s 
means t h a t a s d i s c h a r g e r i s e s more s e d i m e n t becomes a v a i l -
a b l e f o r t r a n s p o r t . The r e l a t i o n w i t h d i s c h a r g e , however, 
i s c u r v i l i n e a r ; t h e r a t e o f i n c r e a s e i n b a s e f l o w s e d i m e n t 
t r a n s p o r t t a i l s o f f a t h i g h e r b a s e f l o w d i s c h a r g e s . The 
more l i k e l y s o u r c e f o r s e d i m e n t t r a n s p o r t e d d u r i n g b a s e f l o w 
i s from c h a n n e l banks r a t h e r t h a n from bed m a t e r i a l , 
O l d f i e l d e t a l ( 1 9 7 9 ) , by a n a l y s i s o f t h e remnant magnetism 
of b a s e f l o w s u s p e nded s e d i m e n t i n a s m a l l Devon s t r e a m ^ w e r e 
a b l e t o t r a c e t h i s s e d i m e n t t o c h a n n e l b a n k s . I n t h e 
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N a r r a t o r c a t c h m e n t , i n c r e a s e d a v a i l a b i l i t y o f s e d i m e n t from 
c h a n n e l banks a s d i s c h a r g e r i s e s c a n e a s i l y be e x p l a i n e d i n 
t e r m s o f p r o g r e s s i v e submergence o f t h e b a n k s . T h i s would 
a l s o a c c o u n t f o r t h e s l o w i n g down i n t h e r a t e o f i n c r e a s e 
i n b a s e f l o w suspended s e d i m e n t t r a n s p o r t a t h i g h e r b a s e f l o w 
d i s c h a r g e s s i n c e t h e a r e a o f c h a n n e l bank i n u n d a t e d f o r a 
g i v e n i n c r e m e n t o f d i s c h a r g e d e c r e a s e s w i t h d i s c h a r g e . A l -
though t r a n s p o r t o f suspended s e d i m e n t i n c r e a s e s w i t h i n -
c r e a s i n g d i s c h a r g e d u r i n g b a s e f l o w , c o n c e n t r a t i o n o f s u s -
pended s e d i m e n t d e c r e a s e s w i t h d i s c h a r g e . From f i g 5.9, 
a t a d i s c h a r g e o f 500 £/s' , t h e w e i g h t o f s e d i m e n t 
c o l l e c t e d i n t h e submerged c o n t a i n e r i s i n t h e r e g i o n o f 
20mg/day. I f t h i s i s r e f e r r e d t o f i g 5.8 i t r e p r e s e n t s 
a s e d i m e n t d i s c h a r g e o f 18 Kg/day w h i c h a t a d i s c h a r g e o f 
500 t/s means a s e d i m e n t c o n c e n t r a t i o n o f 0.42 mg/-£. At 
a d i s c h a r g e o f 100 t/s e s t i m a t e d s e d i m e n t c o n c e n t r a t i o n 
r i s e s t o 0.63 mg/1. T h i s c o r r e s p o n d s t o t h e t r e n d w h i c h 
emerges from c o r r e l a t i o n o f s e d i m e n t c o n c e n t r a t i o n i n s t r e a m 
s a m p l e s a g a i n s t s t r e a m d i s c h a r g e a t t h e t i m e o f s a m p l i n g 
( r = -0.32, n = 2 8 ) . The c o r r e l a t i o n i s n e g a t i v e though 
i n s i g n i f i c a n t . 
5.4 V a r i a t i o n s i n bedl.oad t r a n s p o r t 
S i n c e t h e Second World War, e q u a t i o n s t o p r e d i c t bed-
l o a d t r a n s p o r t f o r s t r e a m s where e m p i r i c a l d a t a i s l a c k i n g 
have p r o l i f e r a t e d ( e g . Meyer P e t e r & M u l l e r 1948, E i n s t e i n 
1950, Y a l i n 1963, B a g n o l d 1966, Yang 1 9 7 3 ) . Most o f t h e s e 
e q u a t i o n s have been d e v e l o p e d e i t h e r from t h e o r e t i c a l c o n -
s i d e r a t i o n s b a s e d upon t h e p h y s i c a l p r i n c i p l e s o f work and 
e n e r g y o r e l s e from o b s e r v a t i o n s i n l a b o r a t o r y f l u m e s . The 
m a j o r i t y a l s o o r i g i n a t e d w i t h i n t h e U n i t e d S t a t e s and were 
d e s i g n e d f o r use on wide sand bed s t r e a m s . A p p l i c a t i o n o f 
t h e s e f o r m u l a s , p a r t i c u l a r l y t h e m o d i f i e d E i n s t e i n t e c h n i q u e , 
t o r i v e r s o f t h i s t y p e has met w i t h a measure o f s u c c e s s 
( C o l b y & Hembree 1955, H u b b e l l & M a t e j k a 1 9 5 9 ) , F o r 
s t r e a m s s u c h a s t h e N a r r a t o r Brook i n w h i c h bed m a t e r i a l i s 
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composed o f a s u b s t a n t i a l p r o p o r t i o n o f p a r t i c l e s l a r g e r 
t h a n 2 mms i t a p p e a r s t h a t c o n v e n t i o n a l b e d l o a d e q u a t i o n s 
a r e r a t h e r l e s s u s e f u l . They a r e r e g a r d e d by many s e d i -
m e n t o l o g i s t s a s b e i n g o f l i t t l e p r a c t i c a l v a l u e ( H e r b e r t s o n 
1969, A l l e n 1970, B l e n c h 1 9 7 3 ) . Where b e d l o a d e q u a t i o n s 
have been compared t o f i e l d measurements on g r a v e l f l o o r e d 
s t r e a m s , i t has been found t h a t p r e d i c t e d v a l u e s from t h e 
d i f f e r e n t e q u a t i o n s v a r y c o n s i d e r a b l y and t h a t none come 
c l o s e t o a c t u a l v a l u e s ( e g . F l e m i n g 1969, H o l l i n g s h e a d 
1 9 7 1 ) . One r e a s o n f o r t h e i n a d e q u a c y o f e x i s t i n g e q u a t i o n s 
i s t h a t t h e y do n o t a c c o u n t f o r t h e v a r i a t i o n o f p a c k i n g o r 
a r r a n g e m e n t o f p a r t i c l e s on t h e s t r e a m bed w h i c h becomes an 
i m p o r t a n t f a c t o r w i t h l a r g e r p a r t i c l e s . A f u n d a m e n t a l 
a s s u m p t i o n u n d e r l y i n g a l l a t t e m p t s t o p r e d i c t b e d l o a d t r a n s -
p o r t i s t h a t movement o f p a r t i c l e s t a k e s p l a c e when s h e a r 
s t r e s s e q u a l s t h e submerged w e i g h t o f t h e p a r t i c l e . L a r o n n e 
and C a r s o n ( 1 9 7 6 ) , however, d i s c o v e r e d t h a t t h e r a t i o be-
tween c r i t i c a l s h e a r s t r e s s and submerged p a r t i c l e w e i g h t 
v a r i e d from 1.8 t o 6.1 on a g r a v e l bed s t r e a m d e p e n d i n g 
upon t h e t y p e o f p a c k i n g , S e r r (1951) r e m a r k s t h a t u n t i l 
m a j o r a d v a n c e s a r e made i n p r e d i c t i v e t e c h n i q u e s , h e a v y r e -
l i a n c e s h o u l d be p l a c e d on f i e l d measurements. I t i s 
a p p a r e n t t h a t t h e s e a d v a n c e s have not y e t been f o r t h c o m i n g . 
Sediment f o r b e d l o a d t r a n s p o r t i s d e r i v e d e n t i r e l y 
w i t h i n t h e c h a n n e l from t h e a v a i l a b l e p o o l o f bed m . a t e r i a l . 
R a t e o f t r a n s p o r t t h u s depends upon t h e power o f t h e s t r e a m 
to e n t r a i n p a r t i c l e s on t h e s t r e a m bed. S t r e a m power a s 
d e f i n e d by B a g n o l d (1966) i s a p r o d u c t o f f o u r f a c t o r s , 
w a t e r d e n s i t y , w a t e r s u r f a c e s l o p e , s t r e a m v e l o c i t y and 
s t r e a m d e p t h . I n p r a c t i c e , hov/ever, f o r c a l c u l a t i o n o f 
s t r e a m power w a t e r d e n s i t y and w a t e r s u r f a c e s l o p e a r e c o n -
s i d e r e d c o n s t a n t (eg, L e o p o l d & Emmett 19 76, Gomez 
1 9 7 9 ) . Of t h e f o u r f a c t o r s w h i c h c o m p r i s e s t r e a m power, 
t h e r e f o r e , o n l y v e l o c i t y and d e p t h v a r y t o any l a r g e d e g r e e 
a t a s i t e ( S k i b i n s k i 1 9 6 8 ) , S t r e a m d i s c h a r g e i n r e c t -
a n g u l a r c r o s s - s e c t i o n s i s a l s o a f u n c t i o n of depth and 
v e l o c i t y and hence d i s c h a r g e i s p r o p o r t i o n a l t o s t r e a m 
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power and can be c o n v e n i e n t l y u s e d a s a s u r r o g a t e . The 
b e d l o a d r a t i n g c u r v e , w h i c h r e l a t e s b e d l o a d t r a n s p o r t t o 
s t r e a m d i s c h a r g e , i s t h u s a l o g i c a l s t a r t i n g p o i n t f o r 
m o d e l l i n g b e d l o a d d y n a m i c s ( H o l l i n g s h e a d 1 9 7 1 ) . B e d l o a d 
c o l l e c t e d i n a s t r e a m bed t r a p a t t h e main ga u g i n g s i t e on 
the N a r r a t o r Brook f o r 30 p e r i o d s , r a n g i n g i n d u r a t i o n from 
7 to 28 d a y s , i s c l o s e l y r e l a t e d t o peak d i s c h a r g e f o r e a c h 
c o l l e c t i o n p e r i o d ( r = 0 , 9 1 , n = 30 - f i g 5 , 1 0 ) . T h i s c o n -
t r a s t s w i t h t h e s i t u a t i o n f o r s u s p e nded s e d i m e n t i n t h e 
N a r r a t o r Brook f o r w h i c h t h e r a t i n g c u r v e a p p r o a c h i s 
c l e a r l y i n a p p r o p r i a t e . The r e g r e s s i o n e q u a t i o n r e l a t i n g 
b e d l o a d t r a n s p o r t t o peak d i s c h a r g e was o b t a i n e d by t h e 
l e a s t s q u a r e s method, b u t t h e f u n c t i o n o f t h e i n d e p e n d e n t 
v a r i a b l e was d e t e r m i n e d by t r i a l and e r r o r . V a l u e s 
c o r r e s p o n d i n g t o p e r i o d s when i t was s u s p e c t e d , from i n -
s p e c t i o n of t h e b e d l o a d t r a p , t h a t i t s c a p a c i t y may have 
been e x c e e d e d a r e a l s o p l o t t e d i n f i g 5.10 f o r c o m p a r a t i v e 
p u r p o s e s . T h e s e v a l u e s , however, were o m i t t e d i n c u r v e 
f i t t i n g and g e n e r a t i o n o f t h e r e g r e s s i o n e q u a t i o n . 
R e c o r d e d r a t e s o f b e d l o a d t r a n s p o r t f o r t h e N a r r a t o r 
Brook a r e e x c e e d i n g l y v a r i a b l e . At one extreme, f o r t h e 
p e r i o d 1-8/12/76, d u r i n g w h i c h s t r e a m d i s c h a r g e r o s e t o 
1 303 1/s, t h e c a p a c i t y o f b e d l o a d t r a p was e x c e e d e d . T h i s 
r e p r e s e n t s a b e d l o a d d i s c h a r g e f o r t h e 7 day p e r i o d o f a t 
l e a s t 75,6kg t h r o u g h t h e c h a n n e l c r o s s s e c t i o n a t t h e main 
g a u g i n g s i t e w h i c h i s 2.4m w i d e . The g r e a t e r p a r t o f t h i s was 
p r o b a b l y d i s c h a r g e d i n t h e s p a c e o f a few h o u r s . At t h e o t h e r 
e x t r e m e , f o r t h e 14 day p e r i o d 13/4/76 t o 11/5/76, d u r i n g w h i c h 
s t r e a m d i s c h a r g e n e v e r r o s e above 94 1/s, t o t a l r e c o r d e d 
t r a n s p o r t o f b e d l o a d a t t h e main ga u g i n g s i t e was ohlyoO',;0-7kg. 
The b e d l o a d t r a p was n e v e r found t o be c o m p l e t e l y empty a f t e r 
a p e r i o d o f c o l l e c t i o n , e ven though n i n e o f t h e s e p e r i o d s 
i n c l u d e d no m a j o r f l o o d e v e n t s and s t r e a m d i s c h a r g e s r e m a i n e d 
c o n t i n u o u s l y below 100 1/s. I t i s not p o s s i b l e on t h e b a s i s 
o f t h e l i m i t e d o b s e r v a t i o n s a v a i l a b l e t o be c e r t a i n a b o u t t h e 
s i g n i f i c a n c e o f t h e s e low r e c o r d e d r a t e s o f b e d l o a d t r a n s p o r t 
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a t low s t r e a m d i s c h a r g e s . I t may be, f o r example, t h a t 
d i s t u r b a n c e s c r e a t e d by t r o u t i n t h e s t r e a m c o u l d c a u s e s m a l l 
q u a n t i t i e s o f g r a v e l t o e n t e r t h e b e d l o a d t r a p . I n any e v e n t 
b e c a u s e o f t h e r a p i d r a t e o f i n c r e a s e i n r e c o r d e d b e d l o a d 
d i s c h a r g e w i t h i n c r e a s i n g s t r e a m d i s c h a r g e , r e c o r d e d b e d l o a d 
d i s c h a r g e d u r i n g low f l o w p e r i o d s c o n t r i b u t e s v e r y l i t t l e t o 
t o t a l r e c o r d e d d i s c h a r g e d u r i n g t h e p e r i o d o f o b s e r v a t i o n a s a 
whole. S t r e a m d i s c h a r g e s l e s s t h a n 100 1/s o c c u r e d d u r i n g 
70% o f t h e p e r i o d o f o b s e r v a t i o n , but l e s s t h a n 1% o f t o t a l 
r e c o r d e d b e d l o a d t r a n s p o r t o c c u r e d a t t h e s e t i m e s . 
The b e d l o a d r a t i n g c u r v e f o r t h e N a r r a t o r Brook d i s -
p l a y s a c e r t a i n amount o f s c a t t e r r e p r e s e n t i n g u n e x p l a i n e d 
v a r i a n c e and s u g g e s t i n g p o s s i b l y t h a t t h e i n c l u s i o n o f 
a d d i t i o n a l i n d e p e n d e n t v a r i a b l e s i n t h e form o f a m u l t i p l e 
r e g r e s s i o n would m a t e r i a l l y improve t h e p r e d i c t i o n . The 
m u l t i p l e r e g r e s s i o n a p p r o a c h t o m o d e l l i n g b e d l o a d d y n a m i c s 
h a s p r e v i o u s l y been u s e d w i t h some s u c c e s s by t h e I n s t i t u t e 
o f H y d r o l o g y i n c a t c h m e n t s i n Mid-Wales (N.E.R.C. 1 9 7 7 ) , 
One p r o b l e m o f i n v e s t i g a t i n g b e d l o a d d y n a m i c s u s i n g s e d i m e n t 
t r a p s i s t h a t o n l y t o t a l y i e l d o v e r a p e r i o d o f time i s ob-
t a i n e d ; n o t h i n g i s known r e g a r d i n g v a r i a t i o n s i n t r a n s p o r t 
o v e r t h i s p e r i o d . R u n o f f o v e r a p e r i o d i s a p r o d u c t o f 
two d i m e n s i o n s , d u r a t i o n and d i s c h a r g e . At h i g h e r d i s -
c h a r g e s p a r t i c u l a r l y , b e d l o a d t r a n s p o r t i s v e r y s e n s i t i v e 
t o s m a l l c h a n g e s i n d i s c h a r g e and t h i s becomes t h e d o m i n ant 
c o n t r o l l i n g d i m e n s i o n . Mean d i s c h a r g e and t o t a l r u n o f f , 
w h i c h i n c o r p o r a t e t h e d u r a t i o n d i m e n s i o n , f a i l t o add s i g n i -
f i c a n t l y t o t h e e x p l a n a t i o n o f v a r i a n c e a c h i e v e d by peak 
d i s c h a r g e w h i c h i s t o t a l l y f r e e o f t h e d u r a t i o n d i m e n s i o n 
( t a b l e 5 . 8 ) . 
The s i g n i f i c a n c e o f w a t e r t e m p e r a t u r e i n r e l a t i o n t o 
b e d l o a d t r a n s p o r t has been s t r e s s e d by C o l b y & S c o t t (1965) 
and F r a n c o ( 1 9 6 8 ) . W i t h i n t h e r a n g e o f t e m p e r a t u r e s 
commonly o c c u r r i n g i n s t r e a m s , t h e r e i s l i t t l e m a t e r i a l 
e f f e c t upon w a t e r d e n s i t y and hence t r a c t i v e f o r c e o r s t r e a m 
power. S m a l l v a r i a t i o n s i n s t r e a m w a t e r t e m p e r a t u r e , c a n 
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T a b l e 5.8 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
v a r i a t i o n i n b e d l o a d t r a n s p o r t by t h e N a r r a t o r 
Brook ( d a t a l o g t r a n s f o r m e d ) . 
DEPENDENT VARIABLE 
T o t a l bedload t r a n s p o r t e d p a s t S t . l f o r 30 p e r i o d s o f o b s e r v a t i o n , 
each about tv/o weeks i n d u r a t i o n . The 5 p e r i o d s d u r i n g which the 
c a p a c i t y o f the bed l o a d t r a p may have been exceeded are excluded 
from the a n a l y s i s . 
T o t a l 
C o r r e l a t i o n 
Independent V a r i a b l e s C o e f f i c i e n t s 
5th Order P a r t i a l 
C o r r e l a t i o n P a r t i a l 
C o e f f i c i e n t s F V a l u e s 
1 Peak d i s c h a r g e 0.87 
2 T o t a l r u n o f f 0.71 
3 Mean water temperature -0.11 
4 I n t e n s i t y o f f l o o d r i s e 0.48 
5 Mean p a r t i c l e s i z e o f 
bedload -0.01 
6 Mean d i s c h a r g e 0.71 
0.76 
0.45 
0.40 
-0.27 
0.07 
•0.27 
89.51 
7.38 5-&8 f 
Ci O rr u) 
4.46 < H-o (T> o cr 3 D a c H-
. . , Qi rr M» 1.11 (B • < H- H-3 QJ O O ft M 3 0) H- 3 
0.86 
1.31 
< & (T rr 0) 3 O 
LEVEL OF 
SIGNIFICANCE 
r 
F 
O.Ol 
0.46 
7.64 f o r 1 to 7.88 f o r 6 
O.OOl 
0.57 
13.50 to 14.19 
30 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 86.3% 
however, s u b s t a n t i a l l y i n f l u e n c e v i s c o s i t y and hence t h e 
s t r e a m ' s a b i l i t y t o e n t r a i n p a r t i c l e s . I n t e n s i t y o f f l o o d 
r i s e h a s been d e m o n s t r a t e d by S k i b i n s k i (1968) t o be 
a n o t h e r i m p o r t a n t f a c t o r a f f e c t i n g r a t e s o f b e d l o a d t r a n s -
p o r t . Ke found t h a t d u r i n g s h a r p l y r i s i n g f l o o d s , w a t e r 
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s u r f a c e slope and stream power are higher on the r i s i n g 
stage of the f l o o d for a given d i s c h a r g e than would nor-
mally be expected, thus promoting higher r a t e s of bedload 
t r a n s p o r t . 
Neither of these two f a c t o r s , stream water temperature 
and flood i n t e n s i t y , c o n t r i b u t e s i g n i f i c a n t l y to the e x p l a -
n a t i o n of v a r i a n c e i n bedload t r a n s p o r t i n the N a r r a t o r 
Brook and t h i s may be due to the h y d r o l o g i c a l make-up of 
the catchment. Baseflow, which i s s u p p l i e d a t l e a s t 
p a r t i a l l y from groundwater, comprises almost 90% of the 
t o t a l runoff from the Narrator catchment. Groundwater i s 
remote from atmospheric temperature f l u c t u a t i o n s e xperienced 
a t the catchment s u r f a c e and i t s e l f v a r i e s l i t t l e i n tem-
pe r a t u r e . Consequently stream water temperature during 
the p e riod of o b s e r v a t i o n v a r i e d w i t h i n a r e l a t i v e l y r e -
s t r i c t e d range between 5.6^C and 13.8°C, a range which may 
not have been s u f f i c i e n t l y g r e a t to s i g n i f i c a n t l y i n f l u e n c e 
bedload t r a n s p o r t . High baseflow d i s c h a r g e s coupled with 
low r a t e s of q u i c k f l o w g e n e r a t i o n mean t h a t f l o o d r i s e s are 
r a r e l y very i n t e n s e ; probably not i n t e n s e enough f o r t h i s 
f a c t o r to have any e f f e c t e i t h e r . 
A f i n a l f a c t o r c o n s i d e r e d important with r e s p e c t to 
bedload t r a n s p o r t , which i s i n c l u d e d i n a l l bedload 
equations, i s p a r t i c l e s i z e of bed m a t e r i a l . Mean p a r t i c l e 
s i z e of bedload c o l l e c t e d i n the Narrator Brook over the 
period of r e s e a r c h v a r i e d over a wide range from 0.1 mm to 
3.6 mm. I n c o n t r a s t to r a t e of bedload t r a n s p o r t , the 
p a r t i c l e s i z e of bedload t r a n s p o r t e d i s u n r e l a t e d to peak 
di s c h a r g e (r = 0.13, n = 31). T h i s suggests t h a t observed 
v a r i a t i o n s i n the p a r t i c l e s i z e composition of bedload are 
not a r e s u l t of v a r i a t i o n s i n stream competence but i n s t e a d 
are l a r g e l y a r e f l e c t i o n of v a r i a t i o n s i n the p a r t i c l e s i z e 
composition of bed m a t e r i a l . T h i s supports the b e l i e f ex-
p r e s s e d e a r l i e r t h a t bedload t r a n s p o r t i n the Narrator Brook 
does not d i s c r i m i n a t e i n terms of p a r t i c l e s i z e , but r a t h e r 
i n v o l v e s movement of bed m a t e r i a l more or l e s s en masse. 
T h i s accords with o b s e r v a t i o n s made by Bogardi (1951) of 
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bedload movement i n g r a v e l -bed streams i n Hungary and by 
Lewin & B r i n d l e (1977) i n a s m a l l Welsh stream. Mean 
p a r t i c l e s i z e of bedload c o l l e c t e d i n the stream bed t r a p 
does not c o n t r i b u t e s i g n i f i c a n t l y to e x p l a n a t i o n of v a r i a n c e 
i n r a t e s of bedload t r a n s p o r t by the N a r r a t o r Brook i n d i c a -
t i n g t h a t bedload t r a n s p o r t i s i n s e n s i t i v e to changes i n 
the p a r t i c l e s i z e composition of bed m a t e r i a l . T h i s i s i n 
d i r e c t c o n t r a s t to the o b s e r v a t i o n s of Leopold & Emmett 
(1976) i n the E a s t F o r t R i v e r , Wyoming, where r a t e of bed-
load t r a n s p o r t d e c r e a s e s with i n c r e a s i n g p a r t i c l e s i z e of 
bed m a t e r i a l . Bed m a t e r i a l i n the E a s t Fork R i v e r i s p r e -
dominantly sand. I n the N a r r a t o r Brook, where bed m a t e r i a l 
c o n t a i n s a l a r g e proportion of g r a v e l , i t may be t h a t pack-
i n g of p a r t i c l e s i n the stream bed has more i n f l u e n c e upon 
r a t e of bedload t r a n s p o r t than mean p a r t i c l e s i z e of bed 
m a t e r i a l . 
M u l t i p l e . r e g r e s s i o n a n a l y s i s thus f a i l e d to improve 
upon the p r e d i c t i v e power of the. bedload r a t i n g curve. 
N e v e r t h e l e s s the r e l a t i o n of bedload to d i s c h a r g e i s 
s u f f i c i e n t l y strong to be used f o r e s t i m a t i o n of long term 
bedload y i e l d s by r e f e r e n c e to water l e v e l r e c o r d s . 
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CHAPTER 6 
SOLUTE SOURCES AND TEMPORAL VARIATIONS 
IN SOLUTE CONCENTRATION 
6.1 S o l u t e source c a t e g o r i e s and c h a r a c t e r i s t i c s 
6.1,1 Atmosphere 
The two sources for stream s o l u t e s i n unpolluted c a t c h -
ments are d i s s o l u t i o n of s o l u b l e p a r t i c l e s and gases i n the 
atmosphere and weathering of catchment r o c k s . The stream 
i t s e l f l i e s between these two sources systems and temporal 
v a r i a t i o n s i n stream s o l u t e c o n c e n t r a t i o n r e f l e c t the opera-
t i o n of both systems. 
There are s e v e r a l p o s s i b l e sources f o r atmospheric 
p a r t i c l e s , i n c l u d i n g sea spray, wind blown s o i l p a r t i c l e s 
and p o l l u t a n t s . I n c o a s t a l l o c a t i o n s sea spray i s l i k e l y 
to be the most important source. Evaporation of sea spray 
produces t i n y s a l t c r y s t a l s which become suspended i n the 
atmosphere. These p a r t i c l e s can be t r a n s p o r t e d long d i s -
tances overland by wind, although atmospheric c o n c e n t r a t i o n s 
decrease away from the c o a s t due to p r o g r e s s i v e f a l l o u t . 
Stevenson (1968), examined s p a t i a l v a r i a t i o n s i n the compo-
s i t i o n of atmospheric p a r t i c l e s over the B r i t i s h I s l e s . She 
found t h a t i n c o a s t a l regions sea s a l t c r y s t a l s dominate and 
t h a t there i s d e c l i n e i n atmospheric c o n c e n t r a t i o n of sea 
s a l t c r y s t a l s away from the windward west c o a s t of B r i t a i n . 
F a l l o u t of s a l t p a r t i c l e s from the atmosphere o c c u r s by t h r e e 
mechanisms: wet f a l l o u t , g r a v i t a t i o n a l dry f a l l o u t , and 
impaction. 
Wet f a l l o u t , the f i r s t of these three mechanisms, i n -
v o l v e s the i n c o r p o r a t i o n of s o l u b l e p a r t i c l e s i n the atmos-
phere as s o l u t e s i n p r e c i p i t a t i o n . A d i s t i n c t i o n can be 
made between r a i n out and wash out (Burt & Day 1979). Rain 
out occurs when s a l t c r y s t a l a c t as r a i n drop n u c l e i and sub-
sequently become d i s s o l v e d by the r a i n drops which form 
around them. Wash out r e f e r s to the sweeping of s a l t c r y s -
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t a l s from the atmosphere by f a l l i n g r a i n . Burt & Day(1979) 
regard wash out as being g e n e r a l l y the more important. 
Measurement of the supply of s o l u t e s to the catchment by 
wet f a l l o u t i s a r e l a t i v e l y simple procedure r e q u i r i n g only 
a b o t t l e and funnel assembly f o r the c o l l e c t i o n of r a i n f a l l 
samples (Gregory & Walling 1973). 
F a l l o u t of s a l t p a r t i c l e s from the atmosphere o c c u r s 
during dry p e r i o d s as a r e s u l t of g r a v i t a t i o n a l s e t t l i n g 
and i n some catchments t h i s type of f a l l o u t may c o n t r i b u t e 
s u b s t a n t i a l l y to t o t a l atmospheric supply. Swank & 
Henderson(1976),for example, r e p o r t t h a t t h i s type of a t -
mospheric f a l l o u t i s e q u i v a l e n t to around 25% of wet f a l l -
out i n the Coweeta watershed (N. C a r o l i n a ) and c l o s e r to 
50% i n the Walker Branch watershed (Tennessee). G r a v i t a -
t i o n a l dry f a l l o u t i s r e t a i n e d i n a b o t t l e and funnel along 
with wet f a l l o u t , although the c o l l e c t i o n e f f i c i e n c y of 
these slow f a l l i n g p a r t i c l e s i n the presence of a i r t u r -
bulence i s probably s e v e r e l y l i m i t e d . S o l u t e s r e t a i n e d i n 
a p r e c i p i t a t i o n sampler thus r e p r e s e n t a composite of both 
wet f a l l o u t and dry f a l l o u t i n indeterminate p r o p o r t i o n s 
and together t h i s has been termed bulk f a l l o u t (Whitehead & 
Feth 1964). I f bulk f a l l o u t i s composed predominately of 
wet f a l l o u t then the product of p r e c i p i t a t i o n amount and 
p r e c i p i t a t i o n s o l u t e c o n c e n t r a t i o n y i e l d s t o t a l mass of 
d i s s o l v e d s o l i d s r e a c h i n g the catchment as bulk f a l l o u t 
during the p e r i o d of c o l l e c t i o n . As dry f a l l o u t becomes a 
l a r g e r proportion of bulk f a l l o u t , however, e s t i m a t i n g the 
atmospheric supply of s o l u t e s by t h i s method becomes pro-
g r e s s i v e l y more u n r e l i a b l e . 
A t h i r d p r o c e s s of atmospheric f a l l o u t i s impaction of 
wind blown s a l t p a r t i c l e s upon v e g e t a t i o n during dry p e r i o d s . 
Sea s a l t p a r t i c l e s are hygroscopic which renders them s t i c k y 
and they tend to adhere to f o l i a g e upon c o n t a c t (Gorham 
1961). Subsequent r a i n f a l l removes i n s o l u t i o n the s a l t s 
accumulated on the s u r f a c e of the v e g e t a t i o n during the 
i n t e r v e n i n g dry p e r i o d and e v e n t u a l l y by v a r i o u s pathways 
i t r eaches the stream to augment stream s o l u t e s . S i n c e 
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t h i s type of f a l l o u t i s not g r a v i t a t i o n a l i t i s not c o l l e c -
ted by a p r e c i p i t a t i o n sampler, or a t l e a s t r e p r e s e n t a t i v e 
samples cannot be obtained i n t h i s way. U n l i k e g r a v i t a -
t i o n a l dry f a l l o u t i t v a r i e s c o n s i d e r a b l y over space depend-
ing upon s u r f a c e c o n d i t i o n s , p a r t i c u l a r l y the nature of 
v e g e t a t i o n cover. Because of these d i f f i c u l t i e s , d i r e c t 
measurement of the supply of s o l u t e s by t h i s type of f a l l -
out has never been attempted. The r e s u l t s of r e c e n t r e -
s e a r c h i n which i n d i r e c t e s t i m a t e s of the s o l u t e s trapped 
by v e g e t a t i o n have been made from a n a l y s i s of stream 
s o l u t e s show t h a t t h i s type of f a l l o u t i s o f t e n of con-
s i d e r a b l e s i g n i f i c a n c e i n terms of o v e r a l l supply (Juang & 
Johnson 1967, White e t a l 1971, Zeman 1975). Juang and 
Johnson (1967), f o r example, found t h a t annual input of 
c h l o r i d e to the Hubbard Brook catchment New England i n bulk 
f a l l o u t i s only 270 kg/km^ i n comparison to output of 
410 kg/km^. Since the rocks u n d e r l y i n g the catchment con-
t a i n no c h l o r i d e they a t t r i b u t e the d i f f e r e n c e between i n -
put and output to impaction of atmospheric s a l t s ( i . e . 52% 
of bulk f a l l o u t ) . The presence of impaction f a l l o u t i n 
the Narrator catchment can be r e a d i l y demonstrated; i t s 
r e l a t i v e importance i s not so easy to determine. I n the 
present study the funnel of the bulk f a l l o u t c o l l e c t o r a t 
r a i n gauge s i t e 1 was f i t t e d with a nylon mesh with the 
i n i t i a l i n t e n t i o n of e x c l u d i n g l e a v e s and i n s e c t s . From 
comparison of the c o n c e n t r a t i o n of p r e c i p i t a t i o n samples i n 
t h i s c o l l e c t o r with those from a standard c o l l e c t o r a t the 
same s i t e i t appears t h a t the nylon mesh i s r e s p o n s i b l e f o r 
trapping a i r - b o r n e s a l t p a r t i c l e s by impaction r e s u l t i n g i n 
a p p r e c i a b l y i n c r e a s e d c o n c e n t r a t i o n s , p a r t i c u l a r l y when 
r a i n f a l l amounts and antecedent p r e c i p i t a t i o n are low ( f i g 
6.1), A s i m i l a r e f f e c t was noted by Juang & Johnson (1967) 
in the Hubbard Brook catchment. I n catchments where dry 
f a l l o u t of atmospheric s a l t p a r t i c l e s , e i t h e r by g r a v i t y or 
impaction, i s important, a c c u r a t e assessment of t o t a l a t -
mospheric input of s o l u t e s by d i r e c t measurement becomes 
very d i f f i c u l t . 
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I 
10 2-0 a'o 
Ratio of weekly precipitation solute concentrations in two 
collectors (Collector with funnel covered by nylon mesh/ 
collector with open funnel) 
F i g , 6.1 The e f f e c t of a nylon mesh upon recorded 
p r e c i p i t a t i o n s o l u t e c o n c e n t r a t i o n 
raingauge s i t e 1, N a r r a t o r catchment 
The p r i n c i p l e ions c o n t r i b u t e d by f a l l o u t of s o l i d s from 
the atmosphere are sodium and c h l o r i d e together with s m a l l e r 
proportions of magnesium, sulphate, and other ions p r e s e n t 
i n sea-water ( t a b l e 6.1), I n a d d i t i o n to f a l l o u t of 
p a r t i c l e s i n the atmosphere c e r t a i n ions i n stream water 
o r i g i n a t e from d i s s o l u t i o n of atmospheric gases, i n c l u d i n g 
bicarbonate and n i t r a t e . Atmospheric p o l l u t i o n i n the form 
of sulphur d i o x i d e can c o n t r i b u t e sulphate to the stream 
supplementing the supply of sulphate from sea-spray 
(Johnson e t a l 1 972} . 
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Table 6.1 Chemical composition of N a r r a t o r stream water, 
bulk f a l l o u t , sea water, and Dartmoor G r a n i t e . 
Sea 
Water 
Bulk Atmospheric F a l l o u t 
Over N a r r a t o r Catchment 
( P r e c i p i t a t i o n 
weighted v a l u e s ) 
stream Water 
N a r r a t o r Brook 
(Discharge 
weighted v a l u e s ) 
Dartmoor 
G r a n i t e 
C l 
Na 
Mg 
Ca 
K 
HCO. 
SiO, 
NO^ 
Fe 
A l 
55.3 
30.8 
7.5 
3.7 
1.2 
1.1 
0.4 
* 
52.2 
25.5 
10.8 
3.2 
5.1 
1.9 
1.3 
28.0 
19.6 
13.4 
2.4 
8.3 
3.0 
8.8 
15.1 
0.8 
0 . 6 
* 
2.5 
* 
0 . 5 
1.3 
4.8 
* 
79.7 
-* 
2.6 
8.6 
T o t a l 100% 100% 100% 100% 
* P r o p o r t i o n minimal 
1 Determined from a mean of 19 B u r r a t o r R e s e r v o i r samples 
2 Data from Brammall & Harwood (1923) 
6.1.2 Catchment Rocks 
I n a l l n a t u r a l catchments some stream s o l u t e s are 
su p p l i e d from rock weathering- Supply from t h i s source 
depends upon rock composition and the p r e v a i l i n g c l i m a t i c 
c o n d i t i o n s . Under the moist temperate c l i m a t e of B r i t a i n 
carbonate r o c k s weather r a p i d l y and supply of s o l u t e s from 
rock weathering to streams d r a i n i n g these rocks i s l a r g e i n 
comparison to atmospheric supply. Smith & Newson(1974), f o r 
example, r e p o r t s o l u t e y i e l d s by streams d r a i n i n g the l i m e -
stone area of the Mendips exceeding 200 t/km^/yr. By con-
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t r a s t , y i e l d of s o l u t e s from a sm a l l catchment on Old Red 
Sandstone, a l s o i n the Mendips, i s only 3.9 t/kmVy^ (Waylen 
1979). I n the Old Red Sandstone catchment 3.1 t/km Vyi^ i s 
s u p p l i e d from the atmosphere and t h i s forms 80% of s o l u t e s 
exported from the catchment. I f t h i s atmospheric supply 
a l s o a p p l i e s to the limestone regions of the Mendips i t s 
c o n t r i b u t i o n r e l a t i v e to supply from rock weathering i s 
n e g l i g i b l e . In the humid temperate c l i m a t e of B r i t a i n 
weathering of g r a n i t e s u p p l i e s a r e l a t i v e l y small amount of 
s o l u t e s f o r stream t r a n s p o r t . Gorham (1957) a t t r i b u t e s 
the g r e a t e r p a r t of s o l u t e s i n streams d r a i n i n g the C a i r n -
gorms to atmospheric supply. 
G r a n i t e weathers through the p r o c e s s of h y d r o l y s i s 
whereby hydrogen ions i n p r e c i p i t a t i o n r e p l a c e the metal 
c a t i o n s (magnesium, sodium, potassium and calcium) i n 
s i l i c a t e m i n e r a l s . Soluble s i l i c a i s a l s o r e l e a s e d from 
s i l i c a t e m i n e r a l s by t h i s r e a c t i o n . Most of the d i s s o l v e d 
s i l i c a t r a n s p o r t e d by streams o r i g i n a t e s through h y d r o l y s i s 
of s i l i c a t e m i n e r a l s ; quartz i s v i r t u a l l y i n s o l u b l e 
( B r i c k e r 1968). Not a l l the magnesium, sodium, potassium, 
c a l c i u m and s i l i c o n contained i n catchment rocks i s r e -
l e a s e d to the stream as s o l u t e s . Secondary m i n e r a l s which 
form from decomposition of g r a n i t e c o n t a i n varyin g propor-
t i o n s of these elements. The p r o p o r t i o n of any c o n s t i t u e n t 
in stream s o l u t e s r e l a t i v e to i t s proportion i n catchment 
rocks i s known as i t s m o b i l i t y and v a r i e s from element to 
element and from region to r e g i o n . I n New Hampshire, f o r 
example, magnesium i s the most mobile element r e l e a s e d by 
g r a n i t e weathering (Anderson & Hawkes 1958) while i n New 
Mexico magnesium comes second to c a l c i u m ( M i l l e r 1961) and 
i n the S i e r r a Nevada i t comes t h i r d behind c a l c i u m and so-
dium (Feth e t a l 1964). The composition of s o l u t e s s u p p l i e d 
from g r a n i t e weathering thus depends upon the composition of 
the g r a n i t e and the r e l a t i v e m o b i l i t y of the elements. 
S i l i c a has a low m o b i l i t y i n r e l a t i o n to magnesium, c a l c i u m , 
sodium and potassium, but because i t forms such a l a r g e pro-
p o r t i o n i n g r a n i t e (70.5% i n Dartmoor G r a n i t e ) i t s t i l l forms 
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a major c o n s t i t u e n t of stream s o l u t e s d r a i n i n g g r a n i t e a r e a s . 
I r o n and aluminium have lower m o b i l i t i e s than s i l i c a and 
only r e l a t i v e l y minor amounts of these elements are s u p p l i e d 
to the stream from g r a n i t e weathering. C h l o r i d e , s u l p h a t e , 
bicarbonate and n i t r a t e are very r a r e i n g r a n i t e and these 
c o n s t i t u e n t s i n stream d r a i n i n g g r a n i t e a r e a s are s u p p l i e d 
almost e x c l u s i v e l y from the atmosphere. 
6.1.3 Catchment Vegetation 
Another p o s s i b l e supply of stream s o l u t e s i s from vege-
t a t i o n decay. P r o p e r l y , t h i s should be regarded as a 
secondary source s i n c e a l l the s o l u t e s s t o r e d i n catchment 
v e g e t a t i o n are o r i g i n a l l y d e r i v e d from the atmosphere and 
from rock weathering. There i s a constant f l u x of n u t r i e n t s 
through v e g e t a t i o n (Bormann & L i k e n s 1967, Deevey 1970). I n 
s t a b l e ecosystems inputs and outputs balance over the long 
term; there i s no change i n v e g e t a t i o n storage and the 
s o l u t e output of stream catchments i s a true r e f l e c t i o n of 
atmospheric supply and r a t e s of rock weathering (Zeman & 
Slaymaker 1978). There may, however, be short term f l u c -
t u a t i o n s i n v e g e t a t i o n storage, p a r t i c u l a r l y on a s e a s o n a l 
l e v e l , l e a d i n g to temporary i n b a l a n c e s i n inputs and outputs. 
V a r i a t i o n s i n stream c o n c e n t r a t i o n s may t h e r e f o r e r e f l e c t 
ecosystem dynamics w i t h i n the catchment, although t h e r e i s 
no net e f f e c t as long as the biomass w i t h i n the catchment re-
mains unchanged. I n s i t u a t i o n s where the catchment b i o -
mass i s r e g e n e r a t i n g or degenerating f o l l o w i n g d i s t u r b a n c e , 
output of stream s o l u t e s cannot be equated with the supply 
from atmospheric sources or rock weathering. T h i s i s an 
important c o n s i d e r a t i o n when using s o l u t e y i e l d to e s t i m a t e 
r a t e of chemical denudation. By d i s t u r b i n g v e g e t a t i o n man 
can e x e r t a profound i n f l u e n c e upon stream s o l u t e t r a n s p o r t . 
For t h i s reason stream s o l u t e s are o f t e n employed i n eco-
l o g i c a l s t u d i e s to monitor the h e a l t h and operation of c a t c h -
ment ecosystems (eg. C r i s p 1966, Bormann e t a l 1968). 
I n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s are taken up by vege-
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t a t i o n in v a r y i n g p r o p o r t i o n s . Some c o n s t i t u e n t s which 
form, major p l a n t n u t r i e n t s such as n i t r o g e n , phosphorus, 
c a l c i u m , magnesium and potassium are st o r e d by v e g e t a t i o n 
in l a r g e amounts. Supply of these c o n s t i t u e n t s are par-
t i c u l a r l y a f f e c t e d by changes i n v e g e t a t i o n . De Banc & 
Conrad (1976), f or example, r e p o r t t h a t supply of n i t r o g e n , 
phosphorus, calcium, magnesium and potassium from c h a p a r a l l 
covered slopes i n C a l i f o r n i a i n c r e a s e d from 210 kg/ha/yr be-
fore burning to 7 300 kg/ha i n the year immediately a f t e r 
burning. Supply of other c o n s t i t u e n t s common in stream 
water,which are not major p l a n t n u t r i e n t s ( e . g . c h l o r i d e ) 
i s u n l i k e l y to be a f f e c t e d by v e g e t a t i o n dynamics to the 
same degree. 
6.2 S o l u t e source a n a l y s i s 
6.2.1 Chemical Mass Balance of Inputs and Outputs 
Having i d e n t i f i e d the p o s s i b l e sources of stream 
s o l u t e s , the task remains to determine the r e l a t i v e con-
t r i b u t i o n of each to the s o l u t e y i e l d of the Narrator c a t c h -
ment. Two major approaches to stream s o l u t e source 
a n a l y s i s may be d i s t i n g u i s h e d . The f i r s t i n v o l v e s a 
chemical mass balance of atmospheric inputs and stream out-
puts; excess of outputs over inputs i s a t t r i b u t e d to rock 
weathering. A major draw-back encountered i n t h i s approach, 
a l r e a d y d i s c u s s e d , l i e s i n a c c u r a t e measurement of t o t a l 
atmospheric input which i s seldom p o s s i b l e . A second 
d i f f i c u l t y i s b a l a n c i n g inputs and outputs over s p e c i f i c 
time p e r i o d s . In stream catchments where ther e i s appre-
c i a b l e storage of s o l u t e s i n groundwater and s o i l moisture, 
account has to be made of any change i n storage. W a l l i n g 
(1974a) and Cryer (1976) account f o r changes i n groundwater 
storage to determine s o l u t e budgets by s e l e c t i n g p e r i o d s 
fo r mass balance a n a l y s i s which are bounded by baseflow d i s -
charge of s i m i l a r magnitude. I t i s assumed by t h i s method 
t h a t baseflow d i s c h a r g e i s a r e f l e c t i o n of groundwater 
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storage and t h e r e f o r e over such p e r i o d s changes of storage 
are e q u a l i z e d so t h a t inputs and outputs can be d i r e c t l y 
balanced. S o i l moisture storage, although r a t h e r s m a l l e r 
than groundwater storage i n most catchments, should a l s o 
be accounted f or i f reasonably a c c u r a t e r e s u l t s are to be 
achieved. I n the Narrator catchment the s o i l mantle can 
absorb up to 5 0 mm of continuous l i g h t r a i n a f t e r a dry 
peri o d , without any a p p r e c i a b l e e f f e c t upon stream d i s c h a r g e 
One p o s s i b l e method of a l l o w i n g f o r changes i n s o i l storage 
i s to s e l e c t a pe r i o d which i s bounded by s i m i l a r antecedent 
p r e c i p i t a t i o n ; the period should a l s o be twelve months i n 
dura t i o n so t h a t r a t e s of evaporation a t s t a r t and f i n i s h 
a re approximately equal. An annual p e r i o d a l s o ensures 
t h a t s e a s o n a l c y c l e s of uptake and "release of s o l u t e s by 
catchment v e g e t a t i o n are averaged out. 
The only p e r i o d to s a t i s f y a l l these requirements i n 
the Narrator catchment during the nineteen months of obser-
v a t i o n i s the pe r i o d 5 Sept. 1 9 7 5 to 4 Sept. 1 9 7 6 i n c l u s i v e . 
Baseflow d i s c h a r g e f o r these dates are 6 0 lis and 5 9 t/s 
r e s p e c t i v e l y and antecedent p r e c i p i t a t i o n ( A P I ^ Q ) 6 . 1 mm 
and 6 . 3 mm. A n a l y s i s of hyd r o l o g i c data f o r t h i s p e r i o d 
i n d i c a t e s t h a t 7 6 . 5 % of p r e c i p i t a t i o n was disch a r g e d as 
runoff a t the main gauging s i t e w h i l e a t St 11 the f i g u r e 
i s 9 6 . 7 % ( t a b l e 6 . 2 ) . These percentage runoff f i g u r e s are 
unacceptably high. I t i s c l e a r , t h e r e f o r e , t h a t even 
though s t r i n g e n t measures were observed i n an attempt to 
Table 6 . 2 Water balance f or the Narrator catchment over 
the p e r i o d 5 / 9 / 7 5 to 4 / 9 / 7 6 . 
Sub-Catchment Above: St 21 St 11 St 1 
Drainage area (km^) 1.56 3.67 4.68 
P r e c i p i t a t i o n input (mm ) 885 885 885 
Total stream output (mm ) 811 856 677 
Output/Input % 91 .6 96.7 76.5 
1 9 8 
account for changes i n storage, r e s u l t s obtained from the 
Narrator catchment are u n r e l i a b l e . One reason may l i e i n 
the very l a r g e volume of groundwater storage i n the N a r r a t o r 
catchment i n comparison to annual inputs and outputs. The 
r a t i o of q u i c k f l o w runoff to t o t a l runoff from the N a r r a t o r 
catchment during the period of o b s e r v a t i o n i s only 0.12. 
The lowest r a t i o of f i v e E a s t Devon catchments i n v e s t i g a t e d 
by Walling (1971b) i s 0.16; t h i s p a r t i c u l a r catchment i s 
i n f i l l e d by p e r i g l a c i a l head d e p o s i t s . The head and 
growan i n f i l l of the Narrator catchment pro v i d e s an e x c e l l e n t 
a q u i f e r , Sandeman (1901), a t the time of the c o n s t r u c t i o n 
of the B u r r a t o r Dam, remarked upon the " e x t r a o r d i n a r y quan-
t i t y of dry weather flow" from the catchment area of the 
B u r r a t o r R e s e r v o i r , Hewlett & Hibbert (1967) a l s o o b t a i n 
low r a t i o s of q u i c k f l o w to t o t a l flow from g r a n i t e c a t c h -
ments i n North C a r o l i n a and conclude t h a t depth of growan 
i s the c r i t i c a l f a c t o r i n t h i s r e s p e c t . Because the 
volume of s t o r e d groundwater i s l a r g e , baseflow d i s c h a r g e 
i s an i n s e n s i t i v e measure of i t . A d d i t i o n s or s u b t r a c t i o n s 
to groundwater, amounting to a l a r g e percentage of average 
annual runoff, i n v o l v e s r e l a t i v e l y l i t t l e p r o p o r t i o n a l 
change i n storage and l i t t l e impact upon baseflow d i s c h a r g e . 
The twelve month t e s t p e r i o d 5/9/7 5 to 4/9/76 was u n u s u a l l y 
dry and may have witnessed a l a r g e net d r a i n on groundwater 
r e s e r v e s even though baseflow d i s c h a r g e s before and a f t e r 
were almost i d e n t i c a l . The lowest d i s c h a r g e recorded i n 
the very dry summer of 1976, when p r e c i p i t a t i o n i n the p r e -
ceeding twelve months was only 796 mm, s t i l l exceeds the 
lowest d i s c h a r g e recorded during the summer of 1975 even 
though i n t h i s case p r e c i p i t a t i o n i n the preceeding twelve 
months was 1 705 mm and groundwater storage i s l i k e l y to 
have been c o n s i d e r a b l y g r e a t e r . I n t h i s s i t u a t i o n the s h o r t 
term mass balance approach to s o l u t e source a n a l y s i s cannot 
be expected to y i e l d meaningful r e s u l t s . 
These two d i f f i c u l t i e s , both of a c c u r a t e measurement of 
inputs and accounting f o r changes i n storage, have l e d , i n 
many p r e v i o u s chemical mass balance s t u d i e s , to d i s c r e p a n c i e s 
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in the c h l o r i d e budget. Sin c e rock weathering s u p p l i e s 
very l i t t l e c h l o r i d e i n most catchments, i n p u t s and outputs 
of c h l o r i d e should match. . I n many s t u d i e s such a match 
has not been achieved (eg. Zeman 1975, Spraggs 1976, Zeman 
& Slaymaker 1978). Zeman (1975), f o r example, estimated 
the input of c h l o r i d e to a B r i t i s h Colombian catchment to 
be 23.1 kg/ha/yr compared with an estimated output of 38.1 
kg/ha/yr. The d i s c r e p a n c y between input and output cannot 
be a t t r i b u t e d to rock weathering s i n c e the catchment i s 
u n d e r l a i n by d i o r i t e which c o n t a i n s no c h l o r i d e . I n 
s i t u a t i o n s such as these, s e r i o u s doubt must be c a s t upon 
the r e l i a b i l i t y of r e s u l t s from s o l u t e budget c a l c u l a t i o n s . 
Unless a balance can be achieved i n the c h l o r i d e budget, 
c a l c u l a t e d budgets f o r the other c o n s t i t u e n t s must be i n 
e r r o r . 
6,2.2 Analysis of the Chemical Composition of Stream 
Water 
The chemical composition of stream water to a l a r g e ex-
t e n t r e f l e c t s the c o n t r i b u t i o n of s o l u t e s from the major 
sources. S i n c e sodium and c h l o r i d e a r e , a t l e a s t i n 
c o a s t a l r e g i o n s , the major ions i n bulk f a l l o u t , and s i n c e 
c h l o r i d e i n p a r t i c u l a r i s r a r e i n the m a j o r i t y of r o c k s , 
sodium c h l o r i d e i n stream water i s g e n e r a l l y considered to 
re p r e s e n t atmospheric i n f l u e n c e . Walling & Webb (1978) i n 
a study of chemical denudation w i t h i n the Exe Ri v e r B a s i n , 
merely s u b t r a c t sodium and c h l o r i d e from t o t a l stream 
s o l u t e s i n order to remove the non-denudational component. 
T h i s method ignores the f a c t t h a t other c a t i o n s b e s i d e s 
sodium are a l s o s u p p l i e d by bulk f a l l o u t . Furthermore, as 
Waylen (1979) p o i n t s out, the anions b i c a r b o n a t e , n i t r a t e 
and sulphate i n stream water a l s o o r i g i n a t e , a t l e a s t i n 
p a r t , from the atmosphere. I n the p r e s e n t study, s o l u t e 
source a n a l y s i s i s approached by comparing the mean d i s -
charge weighted chemical composition of the Narrator Brook 
with both the mean p r e c i p i t a t i o n weighted composition of 
bulk f a l l o u t over the Na r r a t o r catchment and the geochemistry 
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of Dartmoor G r a n i t e . 
The mean disc h a r g e weighted chemical composition of 
the Narrator Brook was c o n v e n i e n t l y obtained from a n a l y s i s 
of samples drawn from the B u r r a t o r R e s e r v o i r . The compo-
s i t i o n of stream s o l u t e s v a r i e s temporally, p a r t i c u l a r l y 
over flood events, when water a r r i v i n g a t the stream by 
d i f f e r e n t pathways and with d i s s i m i l a r chemical composition 
i s mixed together i n c o n t i n u a l l y v a r y i n g p r o p o r t i o n s . The 
r e s e r v o i r has a l a r g e c a p a c i t y i n r e l a t i o n to inflow and 
consequently the turnover of water i n storage i s slow. The 
chemistry of the r e s e r v o i r water thus r e p r e s e n t s a sh o r t 
term d i s c h a r g e weighted mean of in f l o w . R e s e r v o i r water 
i s a l s o an i n t e g r a t e d mean of inflo w from a l l p a r t s of i t s 
catchment, of which the Narrator catchment i s j u s t a p a r t , 
but s i n c e the p h y s i c a l c h a r a c t e r i s t i c s of the r e s e r v o i r 
catchment as a whole are r e l a t i v e l y uniform, t h i s i s not be-
l i e v e d to be a s i g n i f i c a n t problem. 
The r e s e r v o i r o u t l e t i s s i t u a t e d a t the bottom of the 
dam, which ensures good c i r c u l a t i o n , of r e s e r v o i r water and 
i n h i b i t s thermal s t r a t i f i c a t i o n . T e s t s by the South-West 
Water A u t h o r i t y i n 1976 during the h o t t e s t , d r i e s t summer 
on r e c o r d , r e v e a l e d t h a t water s u r f a c e temperature was l e s s 
than two degrees c e n t i g r a d e g r e a t e r than temperature a t the 
bottom of the r e s e r v o i r . Water samples taken a t the s u r -
face can thus be regarded as r e p r e s e n t a t i v e of the r e s e r v o i r 
as a whole. Evaporation of r e s e r v o i r water may i n c r e a s e 
t o t a l s o l u t e c o n c e n t r a t i o n above t h a t i n i n f l o w i n g water to 
a small degree but t h i s w i l l not a f f e c t the p r o p o r t i o n a l 
r e p r e s e n t a t i o n of i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s upon 
which t h i s method of source a n a l y s i s r e l i e s . One problem 
of using the chemical composition of r e s e r v o i r water f o r 
source a n a l y s i s a r i s e s from c e r t a i n c o n s t i t u e n t s i n s t o r e d 
water being d r a ^ ^ i n t o the a q u a t i c ecosystem. The only two 
c o n s t i t u e n t s which d i s p l a y any s e a s o n a l v a r i a t i o n s i n con-
c e n t r a t i o n i n the r e s e r v o i r i n d i c a t i n g ecosystem i n c o r p o r a -
t i o n are n i t r a t e and s i l i c a . N i t r a t e and s i l i c a are taken 
up by algae and diatoms r e s p e c t i v e l y during e a r l y summer 
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and r e l e a s e d during w i n t e r months ( f i g 6.2). The r e l a t i v e 
p r o p o r t i o n s of these two to t o t a l d i s s o l v e d s o l i d s are de-
termined i n s t e a d from a n a l y s i s of s e l e c t e d N a r r a t o r stream 
samples. Although t h i s i n v a r i a b l y i n t r o d u c e s a c e r t a i n 
amount of e r r o r , t h i s i s not b e l i e v e d to g r e a t l y a f f e c t the 
o v e r a l l r e s u l t s of source a n a l y s i s . The c o n c e n t r a t i o n of 
the remaining major ions i s u n l i k e l y to be s i g n i f i c a n t l y 
a f f e c t e d by storage i n the r e s e r v o i r . C r i s p (1977) c o u l d 
d e t e c t no d i f f e r e n c e i n the c o n c e n t r a t i o n s of sodium, mag-
nesium, ca l c i u m , potassium, c h l o r i d e ' a n d sulphate between 
stream water e n t e r i n g and l e a v i n g the Cow Green Impoundment, 
Upper T e e s d a l e . 
B u r r a t o r R e s e r v o i r water i s s u b j e c t e d to a f u l l chemi-r 
c a l a n a l y s i s by the South-West A u t h o r i t y on a r e g u l a r b a s i s 
at approximately monthly i n t e r v a l s . R e s u l t s of the n i n e -
teen such a n a l y s e s completed during the pe r i o d of the 
pr e s e n t r e s e a r c h vary very l i t t l e i n d i c a t i n g the e f f e c t of 
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i n the B u r r a t o r r e s e r v o i r , 1975/76 
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t h e r e s e r v o i r i n dampening t e m p o r a l f l u c t u a t i o n s i n t h e 
c h e m i c a l c o m p o s i t i o n o f i n f l o w . E x c e p t i n g s i l i c a and n i -
t r a t e , a mean o f t h e s e r e s u l t s was employed t o r e p r e s e n t 
th e mean d i s c h a r g e w e i g h t e d c o m p o s i t i o n of t h e N a r r a t o r 
Brook d u r i n g t h i s p e r i o d ( t a b l e 6 . 1 ) . The mean s p e c i f i c 
e l e c t r i c a l c o n d u c t a n c e o f t h e 19 s a m p l e s o f r e s e r v o i r water 
a n a l y s e d i s 58.1 micromhos/cm a t 25*^C w h i c h compares 
f a v o u r a b l y w i t h t h e mean d i s c h a r g e w e i g h t e d v a l u e o f 56.2 
micromhos f o r t h e N a r r a t o r Brook d e t e r m i n e d from more t h a n 
one t h o u s a n d s t r e a m s a m p l e s . 
C h e m i c a l a n a l y s e s were c a r r i e d o u t on e l e v e n o f t h e 
36 w e e k l y s a m p l e s of b u l k f a l l o u t c o l l e c t e d o v e r t h e p e r i o d 
o f o b s e r v a t i o n . A l t h o u g h s p e c i f i c c o n d u c t a n c e o f t h e 11 
s a m p l e s v a r i e s c o n s i d e r a b l y o v e r a r a n g e from 15 t o 144 
VJmhos, c h e m i c a l c o m p o s i t i o n i s more s t a b l e . The r a t i o s o f 
sodium and c h l o r i d e , w h i c h a r e t h e two pre d o m i n a n t i o n s i n 
b u l k f a l l o u t , t o s p e c i f i c c o n d u c t a n c e f o r t h e 11 s a m p l e s 
t e s t e d v a r i e d from 0.10 t o 0.15 and 0.14 t o 0,25 r e s p e c -
t i v e l y . The c o m p o s i t i o n o f b u l k f a l l o u t o v e r t h e N a r r a t o r 
c a t c h m e n t i s v e r y s i m i l a r t o t h e c o m p o s i t i o n o f s e a - w a t e r , 
c o n f i r m i n g t h a t s e a - s p r a y i s t h e major s o u r c e f o r s o l u t e s 
i n b u l k f a l l o u t ( t a b l e 6 . 1 ) . The p e r c e n t a g e o f sodium and 
c h l o r i d e t o t o t a l d i s s o l v e d s o l i d s i n b u l k f a l l o u t o v e r t h e 
N a r r a t o r c a t c h m e n t i s 77.7% w h i c h i s a l i t t l e l o w e r t h a n 
t h i s p e r c e n t a g e i n s e a - w a t e r a t 86.1%, i n d i c a t i n g t h a t a 
s m a l l p a r t o f t h e s o l u t e s i n b u l k f a l l o u t i s a l s o s u p p l i e d 
from non-marine s o u r c e s . C a l c i u m and p o t a s s i u m , w h i c h b o t h 
have a p p r e c i a b l y h i g h e r p r o p o r t i o n s i n b u l k f a l l o u t ( 5 . 1 % 
and 1.9% r e s p e c t i v e l y ) t h a n i n s e a - w a t e r ( 1 . 2 % and 1.1% 
r e s p e c t i v e l y ) , a p p e a r t o be t h e major i o n s s u p p l i e d from 
t h e s e non-marine s o u r c e s . C h e m i c a l a n a l y s e s o f b u l k f a l l -
o u t a t two o t h e r s i t e s i n South-West E n g l a n d p r e s e n t e d i n 
S t e v e n s o n (1968) s u p p o r t r e s u l t s from t h e N a r r a t o r c a t c h -
ment ( t a b l e 6 . 3 ) . B u l k f a l l o u t a t Camborne w h i c h i s 
c l o s e r t o the windv;ard ( w e s t ) c o a s t t h a n t h e N a r r a t o r c a t c h -
ment i s dominated by c h l o r i d e and sodium from s e a - s p r a y 
w h i c h t o g e t h e r form 82.6% o f t o t a l d i s s o l v e d s o l i d s compared 
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Table 6.3 Chemical composition of bulk atmospheric f a l l -
out a t three l o c a t i o n s i n South West England. 
• 2 Cambourne 
Narrator^ 
Catchment Newton 2 Abbot 
mg/^  % mq/t % % CA MBORNE 
Ca 0.8 3.5 0.8 5.1 1.5 - '8.2 NEWTON 
Na 7.7 33.5 4.0 25.5 5.5 30.2 ABBOT 
K 0.4 1.7 0.3 1.9 0.7 3.9 
Mg 0.6 2.6 0.5 3.2 0.6 3.3 
NO^  0.3 1.3 0.2 1.3 0.7 3.9 
1.9 8.3 1.7 10.8 2.9 15.9 c 
CI 11.3 49.1 8.2 52.2 6.3 34.6 NARRATOR CATCHMENT 
T.D.S. 23.0 100 15.7 100 18.2 100 
1 Period May 1975 to Dec. 1976, mean p r e c i p i t a t i o n weighted values 
2 Period 1959-1964, median values (data from CM. Stevenson, 1968) 
with 86.1% i n sea-water. At Newton Abbot sodium and 
c h l o r i d e are r e l a t i v e l y l e s s important comprising only 
64,8% of t o t a l d i s s o l v e d s o l i d s , while those c o n s t i t u e n t s 
which are d e r i v e d l a r g e l y from non-marine s o u r c e s , i n -
c l u d i n g potassium and ca l c i u m , make up a r e l a t i v e l y g r e a t e r 
p r o p o r t i o n . Bulk f a l l o u t over the Na r r a t o r catchment l y -
ing between these two s i t e s i s intermediate i n composition. 
Comparison of the chemical composition of stream water 
with bulk f a l l o u t and g r a n i t e bedrock enables the r e l a t i v e 
importance of the major sources f o r stream s o l u t e s to be 
e s t a b l i s h e d . The anions i n stream water, c h l o r i d e , s u l -
phate, bicarbonate and n i t r a t e , a re not pr e s e n t i n g r a n i t e 
i n s i g n i f i c a n t p r o p o r t i o n s ( t a b l e 6.1) and are thus s u p p l i e d 
almost e x c l u s i v e l y from the atmosphere. Conversely, s i n c e 
s i l i c a and i r o n were not de t e c t e d i n bulk f a l l o u t they may 
be regarded as being d e r i v e d e n t i r e l y from rock weathering. 
The four c a t i o n s , sodium, magnesium, c a l c i u m and potassium 
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are s u p p l i e d from both the atmosphere and rock weathering 
i n unknown p r o p o r t i o n s . S i n c e c h l o r i d e i s e n t i r e l y atmos-
p h e r i c i n o r i g i n , the r a t i o s of c h l o r i d e to each of the 
four c a t i o n s can be used to c a l c u l a t e the r e l a t i v e propor-
t i o n of each c o n t r i b u t e d by the atmosphere and rock weath-
e r i n g . I f i t i s assumed t h a t t h e r e i s no net uptake or 
r e l e a s e of s o l u t e s by catchment v e g e t a t i o n , any decrease i n 
the c h l o r i d e / c a t i o n r a t i o from bulk f a l l o u t to stream , 
water i n d i c a t e s c o n t r i b u t i o n from rock weathering. R a t i o s 
of c h l o r i d e t o sodium, magnesium, c a l c i u m and potassium i n 
bulk f a l l o u t are 2.0, 16.3, 10.2 and 27.5 r e s p e c t i v e l y ; 
t h e s e same r a t i o s i n stream water f a l l t o 1.4. 11.5, 3.3, 
and 9.3 r e s p e c t i v e l y . The c o n c e n t r a t i o n of a c a t i o n i n 
stream water o r i g i n a t i n g from atmospheric f a l l o u t can be 
obtained from equation 6.1' 
A BF SW ( g ^ ^ j 
and the c o n c e n t r a t i o n a t t r i b u t a b l e to rock weathering from 
equation 6.2 
where i s the c o n c e n t r a t i o n of a c a t i o n i n stream water 
s u p p l i e d from the atmosphere 
i s the c o n c e n t r a t i o n of a c a t i o n i n stream water 
s u p p l i e d from rock weathering i n the catchment 
C1___ i s the c o n c e n t r a t i o n of c h l o r i d e i n bulk f a l l o u t 
or 
Xgp i s the c o n c e n t r a t i o n of a c a t i o n i n bulk f a l l o u t 
C l g ^ i s the c o n c e n t r a t i o n of c h l o r i d e i n stream water 
Xg^ ^ i s the c o n c e n t r a t i o n of a c a t i o n i n stream water. 
R e s u l t s of the c a l c u l a t i o n s f o r the Narrator Brook r e -
v e a l t h a t sodium and magnesium are s u p p l i e d l a r g e l y from the 
atmosphere (71% and 7 0 % " r e s p e c t i v e l y - t a b l e 6.4). Calcium 
and potassium on the other hand, are s u p p l i e d mainly from 
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rock weathering; only 32% and 33% of these two elements 
r e s p e c t i v e l y are s u p p l i e d from the atmosphere. According 
to Douglas (1972), t h i s s i t u a t i o n i s to be expected i n 
c o a s t a l r e g i o n s where sea spray i s a major source of stream 
s o l u t e s s i n c e sodiiam and magnesium form l a r g e r p r o p o r t i o n s 
i n sea water (30.8% and 3.7% r e s p e c t i v e l y ) than c a l c i u m and 
potassium (1.2% and 1.1% r e s p e c t i v e l y ) . Combining the 
s i l i c a and i r o n i n N a r r a t o r stream water with the propor-
t i o n s of the four c a t i o n s d e r i v e d from rock weathering, the 
denudational component of the s o l u t e load t r a n s p o r t e d by 
the N a r r a t o r Brook i s estimated a t only 29.9%, S u b t r a c t i n g 
sodium and c h l o r i d e from t o t a l s o l u t e s i n the N a r r a t o r Brook, 
i n the manner of W a l l i n g & Webb 1978, g i v e s a denudational 
component of 52.4% which i s a c o n s i d e r a b l e o v e r e s t i m a t e . 
Table 6.4 R e l a t i v e importance of the atmosphere and rock 
weathering as sources f o r s o l u t e s t r a n s p o r t e d 
by the N a r r a t o r Brook ( f i g u r e s i n percent of 
t o t a l d i s s o l v e d s o l i d s ) 
Atmosphere Rock Weathering -Total 
Ca 
Na 
K 
Mg 
Fe 
HCO^ 
NO^  
CI 
SiO^ 
Total 
2.7 
13.7 
1.0 
1.7 
0 
8.8 
0.8 
13.4 
28.0 
O 
70.1 
5.6 
5.9 
2.0 
0.7 
0.6 
O 
O 
O 
0 
15.1 
29.9 
8.3 
19.6 
3.0 
2.4 
0.6 
8.8 
0.8 
13.4 
28.0 
15.1 
100.0 
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The s o l u t e y i e l d of the Nar r a t o r Brook f i t s s q u a r e l y 
i n t o the category of p r e c i p i t a t i o n dominance i n a scheme 
of c l a s s i f i c a t i o n proposed by Gibbs (1970). The Nar r a t o r 
conforms to the s t i p u l a t e d requirements of t h i s c l a s s by 
having a t o t a l d i s s o l v e d s o l i d s c o n c e n t r a t i o n of l e s s than 
50mg/l with sodium and c h l o r i d e being among the dominant 
ion s . Catchments where t h i s s i t u a t i o n a r i s e s i n B r i t a i n 
are t y p i c a l l y l o c a t e d i n highland r e g i o n s c l o s e to the west 
c o a s t where atmospheric i n p u t s are high. P r e c i p i t a t i o n 
dominance i n stream s o l u t e s has p r e v i o u s l y been reported 
from catchments i n Mid-Wales (Lewin e t a l 1974, Cryer 1976), 
the Lake D i s t r i c t (Gorham 1958, White e t a l 1971) the C a i r n -
gorms (Gorham 1957), and the Mendips (Waylen 1979). 
The r e l a t i v e proportion of the d i s s o l v e d c o n s t i t u e n t s 
which are s u p p l i e d by rock weathering r e f l e c t both t h e i r 
proportion i n the bedrock and t h e i r r e l a t i v e m o b i l i t y . 
Varying amounts of these c o n s t i t u e n t s i n s t e a d of being r e -
le a s e d to stream s o l u t e s upon weathering of primary m i n e r a l s 
form c l a y m i n e r a l s . R e l a t i v e mobi,lity i s c a l c u l a t e d as 
the r a t i o of the proportion of a c o n s t i t u e n t i n t o t a l 
s o l u t e s s u p p l i e d from rock weathering to i t s proportion i n 
catchment rocks (Feth e t a l 1964). Calcium has the h i g h e s t 
m o b i l i t y i n the Narrator catchment. Calcium comprises 
18.7% of t o t a l s o l u t e s s u p p l i e d from rock weathering i n com-
p a r i s o n to i t s proportion i n g r a n i t e of 1,3% g i v i n g a r a t i o 
of 14.4. Sodium has the next h i g h e s t m o b i l i t y with a r a t i o 
of 7.9 followed by magnesium ( 4 . 7 ) , potassium ( 1 . 4 ) , i r o n 
(0.8) and s i l i c a ( 0 . 6 ) , R e l a t i v e m o b i l i t i e s for the 
Narrator catchment conform i n g e n e r a l with those from o t h e r 
s t u d i e s ( t a b l e 6.5). 
I r o n i n the Narrator catchment, however, appears to 
have an anamalously high m o b i l i t y . The m o b i l i t y of i r o n i n 
most catchments i s low even though i t does not take p a r t to 
any l a r g e extent i n the formation of c l a y mineral r e s i d u e s . 
I r o n i n i t s o x i d i s e d form i s i n s o l u b l e and d i s s o l v e d f e r r o u s 
i r o n i n groundwater becomes o x i d i s e d and p r e c i p i t a t e s upon 
reachi n g the stream channel. T h i s p r o c e s s i s evidenced i n 
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Table 6.5 R e l a t i v e ion m o b i l i t i e s i n the Narrator catch-
ment i n comparison with other g r a n i t e r e g i o n s 
G r a n i t e , Dartmoor Ca >Na >Mg >K >Fe >Si02 >>A1 P r e s e n t Study 
G r a n i t e , S i e r r a Nevada Ca >Na >Mg >Si03 >K >>Fe > Al F e t h e t a l , 1964 
G r a n i t e , New Mexico Ca >Mg >Na >K >Si02 >Fe >> Al M i l l e r , 1961 
G r a n i t e , New Hampshire Mg >Ca >Na >K >Si02 >Fe = Al Anderson SHawkes, 
1958 
Average VJorld Ca =Na >Mg >K >Si03 >Fe = Al Polynov, 1937 
= equal to > equal to or g r e a t e r than > g r e a t e r than 
>> v e r y much g r e a t e r than 
the N a r r a t o r Brook by a r e d d i s h g e l on the underside of the 
l a r g e r boulders on the stream bed which have remained 
s t a t i o n a r y f o r a s u f f i c i e n t l y long p e r i o d . The m o b i l i t y 
of i r o n i n the Narrator catchment where streams commonly 
r i s e i n marshes i s r a t h e r g r e a t e r than would otherwise be 
the case due to the formation of i r o n - o r g a n i c complexes 
which are t r a n s p o r t e d i n c o l l o i d a l suspension by the stream 
T h i s phenomenon has p r e v i o u s l y been d e s c r i b e d by Lee e t a l 
(1975) i n a Wisconsin catchment. 
Sulphate forms a l a r g e r p r o p o r t i o n of c h e m i c a l s i n 
Narrator stream water than i n sea-water suggesting t h a t 
sea-spray i s not the only source f o r t h i s sulphate ( t a b l e 
6.1). The r a t i o of sulphate to c h l o r i d e i n sea-water i s 
0.14 but t h i s r a t i o i n bulk f a l l o u t r i s e s to 0.21. Muller 
(1975) a s c r i b e s over 75% of sulphate i n l e a c h a t e from the 
s o i l of a New Zealand catch.ment to sulphur dioxide p o l l u -
t i o n . S t u d i e s i n F i n l a n d (Haapala e t a l 1975) and B r i t i s h 
Colombia (Zeman & Slaymaker 1978) r e v e a l t h a t i n some catch-
ments the g r e a t e r p a r t of sulphate i n stream water can a l s o 
be a t t r i b u t e d to atmospheric p o l l u t i o n . Any sulphate from 
t h i s source has to be matched by an e q u i v a l e n t weight of 
c a t i o n s . T h i s reasoning l e d Johnson e t a l (1972) to the 
c o n c l u s i o n t h a t n a t u r a l r a t e s of rock weathering over l a r g e 
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a r e a s of the U.S.A. have been g r e a t l y a c c e l e r a t e d as a r e -
s u l t of sulphur dioxide p o l l u t i o n . Another p o s s i b l e source 
for s ulphate, however, i s from the drying out of marshes 
and the consequent o x i d a t i o n of accumulated sulphide com-
pounds (Gorham 1961). 
6.3 V a r i a t i o n i n bulk f a l l o u t 
S i n c e bulk f a l l o u t i s the major source of s o l u t e s 
t r a n s p o r t e d from the Narrator catchment v a r i a t i o n s i n the 
c o n c e n t r a t i o n of bulk f a l l o u t over the catchment, and the 
f a c t o r s which govern these v a r i a t i o n s , might be expected 
to have an important bearing upon stream s o l u t e dynamics 
and c o n t r o l s . For t h i s reason bulk f a l l o u t was c o l l e c t e d 
over weekly i n t e r v a l s during the p e r i o d of o b s e r v a t i o n a t a 
s i t e c l o s e to raingauge No 1 ( f i g 3.1; P l a t e 3,1), The 
bulk f a l l o u t c o l l e c t o r c o n s i s t s of a simple b o t t l e and 
funnel assembly as used by Cryer (1976), Zeman & Slaymaker 
(1978) and o t h e r s . A l l samples were a n a l y s e d f o r s p e c i f i c 
e l e c t r i c conductance, and 11 were s u b j e c t e d to a f u l l ' 
chemical a n a l y s i s . Sodium and c h l o r i d e together make up 
the bulk of t o t a l s o l u t e s i n the 11 samples t e s t e d (77.7% -
t a b l e 6,1) and v a r i a t i o n s i n the c o n c e n t r a t i o n of both ions 
correspond c l o s e l y to v a r i a t i o n s i n s p e c i f i c conductance 
( f i g 3.8). I n t h i s s i t u a t i o n , use of s p e c i f i c conductance 
i n p l a c e of i n d i v i d u a l ions f o r a n a l y s i s of bulk f a l l o u t 
v a r i a t i o n s does not impose s e r i o u s l i m i t a t i o n s . 
One problem t h a t does a r i s e i s from the use of a nylon 
mesh over the funnel of the bulk f a l l o u t c o l l e c t o r i n the 
Narrator catchment. T h i s was found to i n c r e a s e the s p e c i -
f i c conductance of bulk f a l l o u t samples by as much as t h r e e 
times ( f i g 6.1), For example, f o r the week 10-17/5/76 
the s p e c i f i c conductance of p r e c i p i t a t i o n i n the c o l l e c t o r 
with a nylon mesh i s ISO pmhos compared with 50.5 ymhos i n 
a c o l l e c t o r without a nylon mesh a t the same s i t e . To 
avoid any e r r o r from t h i s source only data c o v e r i n g the 
period 10/5/76 - 13/12/76 were included i n a n a l y s i s of bulk 
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f a l l o u t v a r i a t i o n s . During t h i s p e riod bulk f a l l o u t c o l l e c -
t o r s without a nylon mesh were i n operation a t two s i t e s i n 
the catchment (raingauge gauge s i t e s 1 and 2 - f i g 3.1) i n 
a d d i t i o n to the c o l l e c t o r with nylon mesh i n order to pro-
vide a check on r e s u l t s . The bulk f a l l o u t c o l l e c t o r s were 
not f i t t e d w ith vapour t r a p s and t h e r e f o r e evaporation may 
have a p p r e c i a b l y i n c r e a s e d the s o l u t e c o n c e n t r a t i o n of s m a l l 
samples adding a f u r t h e r p o s s i b l e source of e r r o r . Data 
f o r weeks i n which p r e c i p i t a t i o n was l e s s t h a t 10 mm were 
t h e r e f o r e excluded from a n a l y s i s i n order to minimise t h i s 
e r r o r . T h i s l e f t 19 o b s e r v a t i o n s , v a l u e s v a r y i n g over a 
wide range from 17 ymhos to 83 ymhos. T h i s range i s some-
what s m a l l e r than the range of 7 ymhos to 130 pmhos r e -
ported by Cryer (1976) f o r weekly bulk f a l l o u t samples i n 
a Mid-Wales catchment but i n t h i s case the p e r i o d of bulk 
f a l l o u t o b s e r v a t i o n s exceeds 18 months, i n comparison to 
only 7 months f o r the N a r r a t o r catchment. 
According to Douglas (1968b), the s o l u t e c o n c e n t r a t i o n 
of p r e c i p i t a t i o n commonly decreases' during the course of a 
storm event because s a l t p a r t i c l e s i n the atmosphere be-
come p r o g r e s s i v e l y washed out by f a l l i n g r a i n drops. For 
t h i s reason a l s o , Douglas (1968b) maintains t h a t p r e c i p i t a -
t i o n s o l u t e c o n c e n t r a t i o n s should be g r e a t e s t for s m a l l 
events with low p r e c i p i t a t i o n t o t a l s and a l s o f o l l o w i n g dry 
periods when a v a i l a b i l i t y of s a l t p a r t i c l e s i n the atmos-
phere i s high. According to Gorham (1958), where atmos-
p h e r i c f a l l o u t i s dominated by s a l t s d e r i v e d from sea-spray 
s o l u t e c o n c e n t r a t i o n s can be expected to be r e l a t e d to wind 
speed and d i r e c t i o n . With higher wind speed sea-spray i n -
c r e a s e s and when the wind i s blowing from the d i r e c t i o n of 
the n e a r e s t c o a s t l i n e a g r e a t e r a v a i l a b i l i t y of atmospheric 
s a l t p a r t i c l e s d e r i v e d from sea-spray can be expected. 
Records from the Mountbatten m e t e o r o l o g i c a l s t a t i o n on 
the c o a s t a t Plymouth 15 km from the N a r r a t o r catchment were 
used to o b t a i n wind speed and d i r e c t i o n during storm e v e n t s . 
T e s t i n g the i n f l u e n c e of wind d i r e c t i o n upon the s p e c i f i c 
conductance of bulk f a l l o u t i n the N a r r a t o r catchment cannot 
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be done s a t i s f a c t o r i l y . The p e n n i n s u l a r l o c a t i o n of the 
Narrator catchment means t h a t the c o a s t i s i n c l o s e p r o x i -
mity over a wide a r c from north-west through south to south-
e a s t . Almost a l l r a i n bearing winds a f f e c t i n g the c a t c h -
ment come from d i r e c t i o n s w i t h i n t h i s a r c (appendix I I . 7 ) . 
The only exception during the p e r i o d of bulk f a l l o u t obser-
v a t i o n s i s an event o c c u r r i n g on the 29/8/76. Wind d i r e c -
t i o n during t h i s event, which was a thunderstorm of high 
i n t e n s i t y f o l l o w i n g a long dry p e r i o d , was predominantly 
north e a s t e r l y . The s p e c i f i c conductance f o r the week 
23-30/8/76, i n which t h i s was the only storm event, i s a 
l i t t l e higher than the p r e c i p i t a t i o n weighted mean f o r the 
remaining 18 weekly samples (52 and 34 ymhoT r e s p e c t i v e l y ) . 
Because of the v a r i a b i l i t y i n the s p e c i f i c conductance of 
bulk f a l l o u t (a = 17.3 umhos) no s i g n i f i c a n c e can be 
attached to t h i s . 
Mean p r e c i p i t a t i o n weighted wind speed corresponding 
to each of the 19 weekly bulk f a l l o u t samples covers a 
wide range from 3.6 knots to 29.0 Icnots. Both p r e c i p i t a -
t i o n t o t a l s and antecedent p r e c i p i t a t i o n (API^^) a l s o cover 
wide ranges (12.0 mm to 103.6 mm and O mm to 59,9 mm r e s p e c -
t i v e l y ) . However, none of these three v a r i a b l e s are s i g -
n i f i c a n t l y c o r r e l a t e d with the s p e c i f i c conductance of bulk 
f a l l o u t (r = 0.31, -0.13, and 0,29 r e s p e c t i v e l y , n = 19 -
t a b l e 6.6). Cryer (1976), i n a Mid-Wales catchment a l s o 
f a i l e d to o b t a i n any s i g n i f i c a n t c o r r e l a t i o n s between the 
s p e c i f i c conductance of weekly samples of bulk f a l l o u t and 
these three v a r i a b l e s . These r e s u l t s suggest t h a t f a c t o r s 
a f f e c t i n g the a v a i l a b i l t y of s a l t p a r t i c l e s i n the atmos-
phere are l e s s important than those r e l a t e d to the mechanisms 
whereby atmospheric s a l t p a r t i c l e s become inc o r p o r a t e d i n t o 
r a i n drops. I s o l a t i n g the f a c t o r s which i n f l u e n c e bulk 
f a l l o u t c o n c e n t r a t i o n s could be u s e f u l i n r e v e a l i n g some-
thing of these mechanisms. R a i n f a l l i n t e n s i t y , f o r 
example, which i s c l o s e l y r e l a t e d to r a i n drop s i z e and 
v e l o c i t y , might be expected to a f f e c t the e f f i c i e n c y of 
f a l l i n g r a i n to wash s a l t p a r t i c l e s from the atmosphere. 
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Table 6.6 ;P.roduct moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
the s p e c i f i c conductance of weekly samples of 
bulk f a l l o u t to wind speed, p r e c i p i t a t i o n charac-
t e r i s t i c s and season (data untransformed). 
Total Correlation 
C o e f f i c i e n t s 
Mean wind speed d^rin^ 
p r e c i p i t a t i o n O.31 
Total p r e c i p i t a t i o n - 0 . 1 3 
Antecedent p r e c i p i t a t i o n 
(API^Q) 0 . 2 9 
Mean p r e c i p i t a t i o n i n t e n s i t y 0 , 1 5 
Seasonal index 0.23 
n = 19 
Significance 0.05 0.01 
r 0.46 " 0 . 5 8 
Percent Explanation 
( a l l v a r i a bles) 4 7 . 5 % 
R a i n f a l l i n t e n s i t y , however, a l s o f a i l e d to s i g n i f i c a n t l y 
i n f l u e n c e the s p e c i f i c conductance of bulk f a l l o u t both i n 
the Narrator catchment and i n C r y e r * s (1976) r e s e a r c h 
( t a b l e 6.6). C r y e r (1976) obtained a s i g n i f i c a n t c o r r e -
l a t i o n of bulk f a l l o u t c o n c e n t r a t i o n with a se a s o n a l index 
i n h i s Mid-Wales catchment, but usi n g the same s e a s o n a l 
index i n the N a r r a t o r catchment f a i l e d to produce a s i g n i -
f i c a n t c o r r e l a t i o n . I t may be t h a t the pe r i o d of r e c o r d 
i n the Narrator catchment i s not of s u f f i c i e n t d u r a t i o n to 
h i g h l i g h t any s e a s o n a l t r e n d . 
Despite the low c o r r e l a t i o n c o e f f i c i e n t s ^ t h e f i v e 
v a r i a b l e s t e s t e d , wind speed, t o t a l p r e c i p i t a t i o n , p r e c i t a -
t i o n i n t e n s i t y , antecedent p r e c i p i t a t i o n , and season, t o -
gether account f o r 47.5% of v a r i a n c e i n bulk f a l l o u t con-
c e n t r a t i o n s i n the Nar r a t o r catchment, i n d i c a t i n g t h a t the 
v a r i a b l e s e x e r t more i n f l u e n c e i n combination than i n d i v i -
d u a l l y . S i n c e bulk f a l l o u t i s the major source of s o l u t e s 
t r a n s p o r t e d by the Nar r a t o r Brook, f u t u r e r e s e a r c h could 
be u s e f u l l y d i r e c t e d towards improving t h i s l e v e l of e x p l a -
n a t i o n . P r i o r i t i e s i n t h i s regard are sampling over i n -
d i v i d u a l storm events, r a t h e r than on a f i x e d time b a s i s , 
and s e p a r a t i o n of wet f a l l o u t from dry f a l l o u t . 
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6,4 V a r i a t i o n s i n stream s o l u t e 
c o n c e n t r a t i o n s 
6.4.1 Total Flow 
. Temporal v a r i a t i o n s i n the s o l u t e c o n c e n t r a t i o n of 
t o t a l stream flow i s determined by the changing proportion 
of q u i c k f l o w and baseflow. These two components of stream 
flow have very d i f f e r e n t s o l u t e c h a r a c t e r i s t i c s , Baseflow 
i s s u s t a i n e d by groundwater which i n most catchments i s 
a s s o c i a t e d with r e l a t i v e l y high c o n c e n t r a t i o n s - Although 
almost a l l groundwater o r i g i n a t e s from p r e c i p i t a t i o n i t may 
remain w i t h i n the catchment f o r a prolonged period p o s s i b l y 
exceeding s e v e r a l y e a r s i n d u r a t i o n . During t h i s p e r i o d 
in c o n t a c t with catchment rocks groundwater a c q u i r e s the 
s o l u b l e products of rock weathering, i n a d d i t i o n to those 
s o l u t e s s u p p l i e d by p r e c i p i t a t i o n . Quickflow, on the other 
hand, has r e l a t i v e l y l i t t l e r e s i d e n c e time on the catchment 
and consequently c o n c e n t r a t i o n s of q u i c k f l o w i n most streams 
are r e l a t i v e l y low. During storm events, baseflow i s d i -
l u t e d by an i n f l u x of q u i c k f l o w so t h a t s o l u t e c o n c e n t r a t i o n 
can be expected to decrease with r i s i n g d i s c h a r g e . L e s s 
commonly than i s the case with s t u d i e s of suspended sediment 
s o l u t e r a t i n g c u r v e s , p l o t s of d i s c h a r g e a g a i n s t t o t a l 
s o l u t e c o n c e n t r a t i o n have been employed to d e f i n e stream 
s o l u t e dynamics (Crippen 1 967, Spraggs 1976, 0'Connor 1 976) , 
Using the same technique d e v i s e d f o r suspended sediment, 
s o l u t e r a t i n g curves have been combined with flow d u r a t i o n 
c u r v e s as a method of computing long term s o l u t e y i e l d s 
(Douglas 1968c, Walling & Webb 1978). 
One problem f a c i n g the r a t i n g curve approach f o r de-
f i n i n g v a r i a t i o n s i n the c o n c e n t r a t i o n of t o t a l s o l u t e s i n 
stream water i s t h a t the i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s 
which make up t o t a l s o l u t e s vary independently with d i s c h a r g e 
F o s t e r ( 1 9 7 8 a ) , for example, working on a small stream i n 
Devon, found t h a t while the c o n c e n t r a t i o n of most ions de-
c r e a s e s i n c o n c e n t r a t i o n with r i s i n g d i s c h a r g e , potassium 
i n c r e a s e s and n i t r a t e d i s p l a y s no c o n s i s t e n t v a r i a t i o n with 
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d i s c h a r g e . Despite t h i s , F o s t e r (1978a) s t i l l o btained 
71.9% e x p l a n a t i o n of v a r i a n c e i n s p e c i f i c conductance from 
stream d i s c h a r g e . 
I n the N a r r a t o r Brook the e x p l a n a t i o n o f v a r i a n c e i n 
s p e c i f i c conductance f o r 210 Sciraples c o l l e c t e d during f l o o d 
events over the pe r i o d of o b s e r v a t i o n achieved by stream 
d i s c h a r g e a t the time of sampling i s only 6.8% ( t a b l e 6,7). 
Table 6.7 C o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g s p e c i f i c con-
ductance of stream samples to stream d i s c h a r g e 
according to season and stage of the hydrograph, 
Na r r a t o r Brook, main gauging s i t e , 1975/76 (data 
log transformed). 
Total s w WR WF SR SF 
Number of 
observations 210 66 144 120 90 .93 51 . 27 39 
Correlation 
c o e f f i c i e n t -0.27 0.23 ^0.26 -0.32 -0.16 -0.32 -0.15 0.15 0.28 
Percentage 
explanation 6.8 5.3 6.8 10.2 2.6 10.2 2.3 2.3 7.8 
standard error 
(log units) 0.05 0.07 0.03 0.04 0.07 0.03 0.03 0.07 0.09 
S-suramer, W-winter, R- r i s i n g stage, F - f a i l i n g stage 
S e p a r a t i n g the data according to season and the stage of 
the hydrograph does not m a t e r i a l l y improve the e x p l a n a t i o n 
of v a r i a n c e as i t does i n the case of suspended sediment. 
A s o l u t e r a t i n g curve i s thus e n t i r e l y inadequate f o r de-
f i n i n g v a r i a t i o n s i n t o t a l s o l u t e c o n c e n t r a t i o n s i n the 
Narr a t o r Brook. Although standard e r r o r s are very much 
s m a l l e r than i s the case with the suspended sediment r a t i n g 
c u r v e s , t h i s i s e n t i r e l y a r e s u l t of the lov;er range of 
v a r i a t i o n f o r s p e c i f i c conductance. The inadequacy of the 
r a t i n g curve i s to some exte n t a r e f l e c t i o n of s o l u t e 
sources i n the catchment. Sinc e 70% of stream s o l u t e s are 
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s u p p l i e d from the atmosphere, a strong and c o n s i s t e n t d i -
l u t i o n of stream s o l u t e c o n c e n t r a t i o n during storm events 
cannot be expected. 
Besides the problem of i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s 
v a r y i n g independently i n c o n c e n t r a t i o n , a major drawback 
with the s o l u t e r a t i n g curve approach i s t h a t the p r o p o r t i o n 
of quickflow and baseflow i n a l l streams v a r i e s g r e a t l y f o r 
a given d i s c h a r g e . C o n c e n t r a t i o n s of baseflow and q u i c k -
flow may a l s o vary independently of each other. A more use-
f u l approach i s to d e f i n e v a r i a t i o n s i n baseflow and q u i c k -
flow c o n c e n t r a t i o n s s e p a r a t e l y . Estimated v a l u e s f o r each 
can then be fed i n t o a mixing equation to compute stream 
c o n c e n t r a t i o n (equation 6.3). 
T Q Q B B 3j 
C^ = s p e c i f i c conductance of stream water 
CQ = s p e c i f i c conductance of q u i c k f l o w 
QQ = q u i c k f l o w d i s c h a r g e 
C- = s p e c i f i c conductance of baseflow 
= baseflow d i s c h a r g e 
= stream d i s c h a r g e 
From o b s e r v a t i o n s of the s p e c i f i c conductance of stream 
flow, mean d i s c h a r g e weighted v a l u e s were determined f o r 
those 37 f l o o d events f o r which q u i c k f l o w comprises a t l e a s t 
20% of t o t a l flow. By s u b s t i t u t i o n i n equation 6.3 mean 
disch a r g e weighted c o n c e n t r a t i o n of q u i c k f l o w was obtained 
f o r each of the 37 e v e n t s . The s p e c i f i c conductance of 
baseflow during each of the events (C_ i n equation 6.3) i s 
taken to be the s p e c i f i c conductance of baseflow no more 
than 8 hours from the s t a r t of the event (obtained from the 
standard automatic vacuum operated stream sampler which 
samples at 8 hour i n t e r v a l s ) . 
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6.4.2 Base flow and Quickflow 
The groundwater i n the N a r r a t o r catchment which s u s -
t a i n s baseflow i n the Narrator Brook, i s i t s e l f recharged 
by p e r c o l a t i o n of the s u r f a c e and near s u r f a c e runoff 
which generates q u i c k f l o w during f l o o d e v e n t s . As a r e -
s u i t , a c e r t a i n degree of correspondence between.the s o l u t e 
c o n c e n t r a t i o n s of q u i c k f l o w and baseflow can be expected. 
The s p e c i f i c conductance of both flow components f l u c t u a t e s 
about a s t a b l e value of 55.5 umhos which may r e p r e s e n t some 
form of chemical b u f f e r i n g i n the Narrator catchment ( f i g 
6.3). The s p e c i f i c conductance of baseflow remained w i t h -
i n 1 pmho . of 55.5 ymhos during 78% of the p e r i o d of obser-
v a t i o n . Accepting a c e r t a i n amount of i n a c c u r a c y i n the 
method, the s p e c i f i c conductance of baseflow can be r e -
garded as constant over t h i s p e r i o d . No se asonal trend i n 
baseflow s p e c i f i c conductance i s apparent. The s p e c i f i c 
conductance of q u i c k f l o w a l s o remained constant at 55,5 
umhos over 14 of the 37 f l o o d events which occurred during 
the period of o b s e r v a t i o n . The major c o n t r a s t between the 
two flow components i s i n the range of v a r i a t i o n i n s p e c i f i c 
conductance.. Values f o r baseflow range from 53.5 ymhos to 
65.0 ymhos; corresponding l i m i t s f or q u i c k f l o w are 47.2 
umhos and 152.5 pmhos. The more s t a b l e s p e c i f i c conduc-
tance of baseflow suggests t h a t chemical b u f f e r i n g becomes 
more e f f e c t i v e as the r e s i d e n c e time of water on the c a t c h -
ment i n c r e a s e s . 
The mechanisms r e s p o n s i b l e f o r maintaining s p e c i f i c 
conductance a t near constant l e v e l s i n the Narrator Brook 
are not a l t o g e t h e r c l e a r . Davis (1964), B r i c k e r (1968), 
and o t h e r s , have suggested t h a t c l a y m i n e r a l s i n growan may 
a d j u s t t h e i r composition according to the c o n c e n t r a t i o n of 
s i l i c a and c a t i o n s i n aqueous s o l u t i o n thereby keeping these 
c o n c e n t r a t i o n s w i t h i n a narrow range. VJhen c o n c e n t r a t i o n 
of these c o n s t i t u e n t s r i s e above a c r i t i c a l l e v e l , the ex-
c e s s i f absorbed by conversion of g i b b s i t e to k a o l i n i t e or 
montmorillomite and c o n v e r s e l y any d e f i c i t i s made good by 
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F i g . 6.3 V a r i a t i o n s i n stream d i s c h a r g e and s p e c i f i c conductance of quickflow 
during the period 26/5/75 - 13/12/76, St 1, Narrator Brook 
a r e v e r s e t r a n s f o r m a t i o n . B r i c k e r (1968) evoked t h i s 
mechanism to e x p l a i n near constant c o n c e n t r a t i o n s of c a t i o n s 
and s i l i c a i n a Maryland catchment u n d e r l a i n by g r a n i t i c 
r o c k s , and c i t e d the presence of both g i b b s i t e and k a o l i n i t e 
in the catchment as supportive evidence. Since even over 
f l o o d events c o n c e n t r a t i o n s of c a t i o n s and s i l i c a v a ry 
l i t t l e i n t h i s catchment, B r i c k e r (1968) concluded t h a t t h i s 
b u f f e r i n g mechanism can operate very r a p d i l y . A s i m i l a r 
c o n c l u s i o n was reached by Zeman & Slaymaker (1978) i n a 
B r i t i s h Colombian catchment. Analyses of Dartmoor growan 
reported by Eden & Green (1971) r e v e a l both g i b b s i t e and 
k a o l i n i t e to be pre s e n t and t h i s has been confirmed by 
subsequent o b s e r v a t i o n s i n the Nar r a t o r catchment (A. 
Willia m s p e r s . comm.). T h i s means t h a t the chemical r e -
a c t i o n s d e s c r i b e d above may w e l l be an e f f e c t i v e b u f f e r i n g 
mechanism i n the Nar r a t o r catchment. However, these r e -
a c t i o n s can only provide a p a r t i a l mechanism because 
c h l o r i d e , which comprises about 25% of t o t a l s o l u t e s i n the 
Narrator Brook and hence c o n t r i b u t e s s u b s t a n t i a l l y to 
s p e c i f i c conductance, p l a y s l i t t l e p a r t i n these r e a c t i o n s . 
Johnson e t a l (1969) a l s o r e p o r t a very s t a b l e c o n c e n t r a -
t i o n of c h l o r i d e i n the Hubbard Brook, New Hampshire, f o r 
which they were unable to o f f e r an e x p l a n a t i o n . Whatever 
the mechanisms i n v o l v e d , the f a c t t h a t storm runoff during 
some fl o o d events i n the Narrator catchment s t a b i l i s e s a t 
55.5 ymhos before e n t e r i n g the stream channel means t h a t on 
c e r t a i n o c c a s i o n s b u f f e r i n g must be completed w i t h i n the 
space of a few hours. On other o c c a s i o n s , however, i t 
appears to take much longer. I t must be s t r e s s e d again a t 
t h i s p o i n t , however, t h a t s p e c i f i c conductance r e p r e s e n t s 
only the i o n i z e d c o n s t i t u e n t s of stream water. S i l i c a , 
which does not c o n t r i b u t e to s p e c i f i c conductance, ex-
p e r i e n c e s a drop i n c o n c e n t r a t i o n over a l l f l o o d events 
(Ternan & W i l l i a m s 1979), 
On four o c c a s i o n s during the pe r i o d of o b s e r v a t i o n 
baseflow s p e c i f i c conductance rose above or dropped below 
55.5 ymhos f o r pe r i o d s l a s t i n g up to 60 days ( f i g 6,3). 
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T h i s appears to be i n response to flood events during which 
s p e c i f i c conductance d e v i a t e s markedly from 55.5 umbos. 
On the f i r s t o c c a s i o n a flood event on 7/7/75 r e c -
ording a mean quic k f l o w s p e c i f i c conductance of 86.5 ymhos 
caused baseflow s p e c i f i c conductance to r i s e to. a peak of 
64.5 umbos. S p e c i f i c conductance returned to 55.5 ijnihos 
20 days l a t e r . On the second o c c a s i o n a s e r i e s of t h r e e 
small f l oods during 25-29/11/75 a l l r e c o r d i n g mean q u i c k f l o w 
s p e c i f i c conductance l e s s than 55.5 ymhos (47.2, 50.1, and 
47.9 pmhos r e s p e c t i v e l y ) r e s u l t e d i n a f a l l of baseflow 
s p e c i f i c conductance to 54,0 umhos, but t h i s returned to 
55.5 ymhos w i t h i n 15 days. On the t h i r d o c c a s i o n a l a r g e 
flood on 12/2/76 with a mean q u i c k f l o w s p e c i f i c conductance 
of 52.1 umbos depressed baseflow s p e c i f i c conductance to 
53.0 umbos and the value of 55.5 unihos was not regained un-
t i l 30 days l a t e r . F i n a l l y i n September and October 1976, 
a f t e r a long dry per i o d , 9 f l o o d s v a r y i n g i n mean q u i c k f l o w 
s p e c i f i c conductance from 152.5 un^hos to 58.1 umhos pushed 
baseflow s p e c i f i c conductance up to- a peak of 66.0 uinhos 
and v a l u e s remained above 55.5 umhos f o r 60 days. 
O v e r a l l , the mean di s c h a r g e weighted s p e c i f i c conduc-
tance of baseflow during the pe r i o d of o b s e r v a t i o n i s very 
s i m i l a r to the corresponding value f or quic k f l o w (55,9 
umhos and 58.4 umhos r e s p e c t i v e l y . I t would seem, t h e r e -
f o r e , t h a t t h e r e i s l i t t l e c o n t r i b u t i o n of s o l u t e s to 
groundwater from weathering r e a c t i o n s below the water 
t a b l e . As a r e s u l t , r e s i d e n c e time of groundwater i n the 
catchment appears to have very l i t t l e e f f e c t upon i t s 
s p e c i f i c conductance. During the summer drought of 1976 
» 
a f t e r s e v e r a l months without a p p r e c i a b l e p r e c i p i t a t i o n , the 
Narrator Brook must have tapped deep and hence very o l d 
r e s e r v e s of groundwater to maintain flow, y e t s p e c i f i c con-
ductance showed no d e t e c t a b l e d e v i a t i o n from 55.5 umhos. 
For 23 of the 37 flood events during the period of ob-
s e r v a t i o n , mean quickflow s p e c i f i c conductance d i f f e r s from 
55.5 umhos. Of these, 16 have v a l u e s f o r mean quic k f l o w 
s p e c i f i c conductance exceeding 55.5 umhos and 7 have v a l u e s 
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l e s s t h a n 55.5 umhos. Those e v e n t s f o r w h i c h mean q u i c k -
f l o w s p e c i f i c c o n d u c t a n c e e x c e e d s 55.5 ymhos may r e s u l t 
from f l u s h i n g o f s o l u t e s a c c u m u l a t e d on t h e c a t c h m e n t o v e r 
t h e p e r i o d s i n c e t h e p r e c e e d i n g e v e n t . Such a c c u m u l a t i o n 
o f s o l u t e s may a r i s e from b i o c h e m i c a l r e a c t i o n s w i t h i n t h e 
s o i l o r e l s e by d r y a t m o s p h e r i c f a l l o u t on t h e s u r f a c e . 
F l u s h i n g o f s o l u t e s from s m a l l c a t c h m e n t s i n B r i t a i n h a s 
p r e v i o u s l y been d e s c r i b e d by s e v e r a l w o r k e r s (Edwards 
1973b, W a l l i n g 1974a, S p r a g g s 1976, F o s t e r 1 9 7 8 b ) . F o s t e r 
(1978b) w o r k i n g i n a s m a l l Devon c a t c h m e n t d i s c o v e r e d t h a t 
t h e d e g r e e o f f l u s h i n g i n c r e a s e s w i t h i n c r e a s i n g s o i l 
m o i s t u r e d e f i c i t . C o n s i s t e n t w i t h t h e p o s s i b l e e x i s t e n c e 
o f f l u s h i n g i n t h e N a r r a t o r c a t c h m e n t mean q u i c k f l o w 
s p e c i f i c c o n d u c t a n c e e x c e e d i n g 55.5 ymhos i s u s u a l l y 
a s s o c i a t e d w i t h s m a l l e v e n t s f o l l o w i n g a d r y p e r i o d . I n 
normal c o n d i t i o n s , a t o t a l q u i c k f l o w r u n o f f o f 25 000 m^  
f o r t h e e v e n t p l u s t h e p r e c e e d i n g 20 d a y s a p p e a r s t o be a 
t h r e s h o l d above w h i c h q u i c k f l o w s p e c i f i c c o n d u c t a n c e e x -
c e e d i n g 55.5 ymhos i s u n l i k e l y ( f i g 6 . 4 ) , However, a f t e r 
t h e u n p r e c e d e n t e d summer d r o u g h t o f 1976 a p r o l o n g e d p e r i o d 
o f f l u s h i n g f o l l o w e d w h i c h i n v o l v e d a l l 9 o f t h e f l o o d 
e v e n t s o c c u r r i n g d u r i n g t h e p e r i o d 29/8/76 t o 21/10/76 
( f i g 6 , 3 ) . The l a s t o f t h e s e e v e n t s on 21/10/76 r e c o r d e d 
a mean q u i c k f l o w s p e c i f i c c o n d u c t a n c e o f 66.8 ymhos even 
though q u i c k f l o w r u n o f f o v e r t h e p r e c e e d i n g 20 d a y s r e a c h e d 
200 000 m^. And e r s o n & B u r t (1978) r e p o r t a s i m i l a r p r o -
l o n g e d p e r i o d o f a b n o r m a l l y h i g h s t r e a m s o l u t e c o n c e n t r a -
t i o n s f o l l o w i n g t h e 1976 summer d r o u g h t i n some S o u t h e r n 
C o t s w o l d c a t c h m e n t s w h i c h p e r s i s t e d i n t o November 1976; 
The f l o o d e v e n t s w i t h mean q u i c k f l o w s p e c i f i c c o n d u c -
t a n c e l e s s t h a n 55,5 umhos i n t h e N a r r a t o r Brook a r e r e -
s t r i c t e d t o t h e l a r g e r e v e n t s f o l l o w i n g wet p e r i o d s . A l l 
of t h e . 7 s u c h e v e n t s w h i c h o c c u r r e d d u r i n g t h e p e r i o d o f 
o b s e r v a t i o n e x c e e d e d t h e q u i c k f l o w r u n o f f t h r e s h o l d o f 
25 000 m^  . P u t t i n g a s i d e e v e n t s o c c u r r i n g d u r i n g t h e 
p e r i o d 29/8/76 t o 21/10/76, t h e r e i s t h u s a c l e a r d i s t i n c -
t i o n between e v e n t s w i t h mean q u i c k f l o w s p e c i f i c c o n d u c t a n c e 
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F i g , 6.4 V a r i a t i o n i n mean d i s c h a r g e w e i g h t e d 
s p e c i f i c c o n d u c t a n c e o f q u i c k f i o w i n 
r e l a t i o n t o a n t e c e d e n t q u i c k f l c w r u n o f f . 
Open c i r c l e s r e p r e s e n t t h e n i n e f l o o d 
e v e n t s w h i c h o c c u r e d d u r i n g 
29/8/76 - 21/10/76, 
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l e s s and g r e a t e r t h a n 55.5 ymhos i n term s o f q u i c k f l o w 
r u n o f f volumes ( f i g 6 . 4 ) . However, t h e 14 e v e n t s w h i c h 
r e c o r d e d no d e v i a t i o n from 55.5 umhos o c c u r on both s i d e s 
o f t h e t h r e s h o l d . The d i f f e r e n c e between t h e s e 14 e v e n t s , 
and t h e . r e m a i n i n g 23 e v e n t s c a n n o t be e x p l a i n e d on t h e b a s i s 
o f h y d r o l o g i c a l o r h y d r o m e t e o r o l o g i c a l f a c t o r s . A s e r i e s 
o f Mann-Whitney U t e s t s i n c o r p o r a t i n g peak d i s c h a r g e , 
q u i c k f l o w r u n o f f , f l o o d i n t e n s i t y , t o t a l p r e c i p i t a t i o n , mean 
p r e c i p i t a t i o n i n t e n s i t y , maximum two hour p r e c i p i t a t i o n , 
a n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ q ) and s e a s o n f a i l e d t o thr o w 
up any s i g n i f i c a n t d i f f e r e n c e s ( t a b l e 6 . 8 ) . 
I n o r d e r t o i n v e s t i g a t e t h e e f f e c t o f b u l k f a l l o u t 
upon q u i c k f l o w s o l u t e c o n c e n t r a t i o n s , mean w e e k l y d i s c h a r g e 
w e i g h t e d v a l u e s o f q u i c k f l o w s p e c i f i c c o n d u c t a n c e were 
computed t o c o r r e s p o n d w i t h t h e w e e k l y v a l u e s f o r 
b u l k f a l l o u t . The a n a l y s i s c o v e r s t h e p e r i o d 10/5/76 t o 
13/12/76 d u r i n g w h i c h t h e open f u n n e l b u l k f a l l o u t c o l l e c t o r 
a t r a i n gauge s i t e 1 was i n o p e r a t i o n . No s i g n i f i c a n t 
c o r r e l a t i o n between t h e s p e c i f i c c o n d u c t a n c e o f b u l k f a l l o u t 
and q u i c k f l o w e x i s t s o v e r t h i s p e r i o d ( r = 0.16, n = 10; 
f i g 6 , 5 ) . T h i s r e s u l t i s s u r p r i s i n g i n v i e w o f t h e f a c t 
t h a t b u l k f a l l o u t i s t h e p r e d o m i n a n t s o u r c e o f s o l u t e s t r a n s -
p o r t e d by t h e N a r r a t o r Brook. I n a Mid-Wales c a t c h m e n t , 
where b u l k f a l l o u t i s a l s o t h e p r e d o m i n a n t s o u r c e o f s o l u t e s , 
C r y e r (1976) d i s c o v e r e d a v e r y c l o s e c o r r e s p o n d e n c e between 
t h e s p e c i f i c c o n d u c t a n c e o f b u l k f a l l o u t and q u i c k f l o w o v e r 
w e e k l y p e r i o d s . I n t h e N a r r a t o r c a t c h m e n t i t a p p e a r s t h a t 
p r e c i p i t a t i o n i s c h e m i c a l l y t r a n s f o r m e d w i t h i n a v e r y s h o r t 
t i m e o f r e a c h i n g t h e s u r f a c e . T h i s c h e m i c a l t r a n s f o r m a t i o n 
does not o n l y i n v o l v e a d d i t i o n o f s o l u t e s from t h e c a t c h -
ment; f o r t h e week 6-13/12/76 t h e s p e c i f i c c o n d u c t a n c e o f 
b u l k f a l l o u t i s a p p r e c i a b l y g r e a t e r t h a n t h a t o f q u i c k f l o w 
(83,0 ijmhos and 55.5 ymhos r e s p e c t i v e l y ) . 
The two f l o o d e v e n t s w h i c h were g e n e r a t e d i n p a r t by 
snowmelt both have mean d i s c h a r g e w e i g h t e d s p e c i f i c c o n d u c -
t a n c e o f q u i c k f l o w e x c e e d i n g t h a t o f b a s e f l o w (128.4 and 
74.1 pmhos f o r 6-7/2/76 and 7-8/2/76 r e s p e c t i v e l y ) . S i n c e 
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T a b l e 6.8 R e s u l t s o f Mann-Whitney U t e s t s f o r d i f f e r e n c e s 
between t h o s e f l o o d e v e n t s r e c o r d i n g no d e v i a t i o n 
i n q u i c k f l o w s p e c i f i c c o n d u c t a n c e from b a s e f l o w 
s p e c i f i c c o n d u c t a n c e , and t h o s e e v e n t s r e c o r d i n g 
e i t h e r a r e d u c t i o n o r ^ a n i n c r e a s e i n q u i c k f l o w 
s p e c i f i c c o n d u c t a n c e 
S m a l l e r U Values' 
A V B C V D 
Peak stream d i s c h a r g e 17 15 
Quickflow r u n o f f 22 15 
Flood i n t e n s i t y 11 16 
T o t a l p r e c i p i t a t i o n 25 9 
Mean p r e c i p i t a t i o n i n t e n s i t y 23,5 18,5 
Maximum two hour p r e c i p i t a t i o n 22,5 17,5 
Antecedent p r e c i p i t a t i o n (API^^) 14 9 
Sea s o n a l index 25 15,5 
A Quickflow s p e c i f i c conductance exceeding baseflow (n = 7) 
B No d e v i a t i o n i n q u i c k f l o w s p e c i f i c conductance from baseflow; 
t o t a l q u i c k f l o w r u n o f f f o r the_event and over a pr e c e e d i n g 
p e r i o d of 20 days < 25,000 m^  (n = 8) 
C As f o r B but wit h q u i c k f l o w r u n o f f f o r the event and p r e c e e d i n g 
p e r i o d of 20 days > 25,000 ra^ (n = 6) 
D Quickflow s p e c i f i c conductance f a l l i n g below baseflow (n = 7) 
1. E v e n t s d u r i n g the p e r i o d 29/8-21/10/76 excluded from the a n a l y s i s . 
2. To r e a c h the 0,05 s i g n i f i c a n c e l e v e l U v a l u e s must be s m a l l e r than 
10 f o r A V B and 6 f o r C v D. 
both e v e n t s have a 20 day a n t e c e d e n t q u i c k f l o w r u n o f f below 
25 000 {13044 and 19808 r e s p e c t i v e l y ) t h e y c o n f o r m 
i n t h i s r e s p e c t to t h e p a t t e r n e s t a b l i s h e d from f l o o d e v e n t s 
g e n e r a t e d e n t i r e l y by r a i n f a l l . 
F o r t h e p u r p o s e o f e s t i m a t i n g l o n g t e r m mean a n n u a l s o l -
u t e y i e l d s f o r c a l c u l a t i o n o f c h e m i c a l d e n u d a t i o n , d e f i n i n g 
c o n c e n t r a t i o n v a r i a t i o n s i n t h e N a r r a t o r Brook i n t e r m s o f 
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F i g . G . 5 R e l a t i o n between mean w e e k l y v a l u e s o f 
s p e c i f i c c o n d u c t a n c e f o r q u i c k f l o w and 
b u l k f a l l o u t . N a r r a t o r c a t c h m e n t , tMay -
Dec, 1976 
h y d r o l o g i c a l and/or h y d r o m e t e o r o l o g i c a l c o n t r o l s i s not 
n e c e s s a r y . D e v i a t i o n s of s p e c i f i c c o n d u c t a n c e from 55.5 
pmhos a r e l i k e l y t o be a v e r a g e d o u t o v e r t h e l o n g t e r m . The 
mean d i s c h a r g e w e i g h t e d s p e c i f i c c o n d u c t a n c e o f t o t a l f l o w 
f o r t h e p e r i o d o f o b s e r v a t i o n i s 56,2 pmhos. R e f e r r i n g t o 
f i g 3.7 a s p e c i f i c c o n d u c t a n c e o f 55.5 pmhos r e p r e s e n t s a 
s o l u t e c o n c e n t r a t i o n o f 41,6 mg/£ and t h i s c a n be combined 
w i t h mean a n n u a l r u n o f f from t h e c a t c h m e n t t o o b t a i n l o n g 
term mean a n n u a l s o l u t e y i e l d . W a l l i n g & Webb (1978) a l s o 
d i s c o v e r e d t h a t f o r s t r e a m s i n t h e Exe R i v e r B a s i n w i t h 
t o t a l s o l u t e c o n c e n t r a t i o n l e s s t h a n 50mg/£ b a s e f l o w c o n -
c e n t r a t i o n i s v i r t u a l l y i d e n t i c a l t o l o n g t e r m mean d i s -
c h a r g e w e i g h t e d c o n c e n t r a t i o n . 
224 
CHAPTER 7 
SPATIAL VARIATIONS IN SUSPENDED SEDIMENT AND SOLUTES 
7.1 Do'Amstroam v a r i a t i o n s i n c o n c e n t r a t i o n 
d u r i n g b a s e f l o w 
7.1.1 Suspended Sediment 
I n o r d e r t o i n v e s t i g a t e downstream v a r i a t i o n s i n b o t h 
suspended s e d i m e n t c o n c e n t r a t i o n and s p e c i f i c c o n d u c t a n c e 
d u r i n g b a s e f l o w , s a m p l i n g s t a t i o n s were e s t a b l i s h e d a t 30 
s i t e s a l o n g t h e main c h a n n e l o f t h e N a r r a t o r Brook from 
s o u r c e t o mouth ( f i g s . 2.9, 2.11 and 3 . 1 ) . T h r e e o f t h e 
s t a t i o n s , s t a t i o n s 1, 11 and 21, a r e t h e permanent g a u g i n g 
s i t e s on t h e N a r r a t o r Brook. Nine a d d i t i o n a l s t a t i o n s be-
tween e a c h o f t h e t h r e e g a u g i n g s i t e s were s e l e c t e d r andomly. 
Samples a t e a c h s t a t i o n were c o l l e c t e d by d i p p i n g a wide 
necked 600 ml p o l y t h e n e b o t t l e i n t o t h e s t r e a m a t t h e l o c a -
t i o n of maximum v e l o c i t y . A l l s i t e s were v i s i t e d d u r i n g 
t h e same day on 27 s a m p l i n g d a t e s s p a c e d a t a p p r o x i m a t e l y 
f o r t n i g h t l y i n t e r v a l s . 
Of t h e t o t a l 810 o b s e r v a t i o n s o f s e d i m e n t c o n c e n t r a t i o n , 
693 a r e below 1mg/£ . L a b o r a t o r y a n a l y s i s o f s u c h low c o n -
c e n t r a t i o n s i s s u b j e c t t o a wide r a n g e o f e r r o r i n r e l a t i v e 
t erms amounting t o a p p r o x i m a t e l y 0.5-0.6mg/£ . T h i s i n -
a c c u r a c y c l o a k s s m a l l v a r i a t i o n s i n s e d i m e n t c o n c e n t r a t i o n 
between s i t e s and a s a r e s u l t downstream v a r i a t i o n s i n 
measured s e d i m e n t c o n c e n t r a t i o n f o r i n d i v i d u a l s a m p l i n g d a t e s 
r e v e a l no c o n s i s t e n t t r e n d s . T h i s i s i l l u s t r a t e d by 
c o r r e l a t i o n o f downstream v a r i a t i o n s f o r t h e 27 s a m p l i n g 
d a t e s ( t a b l e 7 . 1 ) . E x c l u d e d from t h e c o r r e l a t i o n a n a l y s e s 
a r e d a t a from s t a t i o n s 26-30. T h e s e s t a t i o n s o f t e n have 
v e r y h i g h c o n c e n t r a t i o n s i n c o m p a r i s o n t o o t h e r s t a t i o n s , f o r 
r e a s o n s d i s c u s s e d l a t e r , and hence d i s t o r t c o r r e l a t i o n r e -
s u l t s . C o r r e l a t i o n s g e n e r a l l y a r e low; none e x c e e d 0.66 
and s e v e r a l a r e n e g a t i v e . However, a v e r y s l i g h t d e g r e e o f 
a s s o c i a t i o n i s a p p a r e n t . Of t h e 351 c o r r e l a t i o n s 11 r e a c h 
0-01 s i g n i f i c a n c e w h e r e a s o n l y 3 o r 4 would be e x p e c t e d i n a 
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1 2 3 4 5 6 7 ' 8 9 
2 0 . 2 1 
3 0 . 4 2 0 . 4 3 
4 0 . 4 6 0 . 01 0 . 3 3 
5 0 . 19 - 0 . 2 0 0 . 2 4 0 . 2 4 
6 - 0 . 0 1 - 0 . 10 - 0 . 0 1 - 0 . 2 0 - 0 . 0 5 
7 0 . 2 1 0 . 13 0 . 3 2 0 . 3 2 O . I O 0 . 1 6 
8 - 0 . 1 2 - 0 . 36 0 . 1 8 0 . 2 0 0 . 4 2 0 . 1 3 0 . 12 
9 - 0 . 14 - 0 . 2 7 0 . 1 3 - 0 . 1 5 - 0 . 2 1 - 0 . 0 4 - 0 . 0 1 0 . 3 7 
10 0 . 4 9 - 0 . 0 3 0 . 4 2 0 . 4 9 O . O B 0 . 1 3 0 . 16 0 . 1 9 o.n 
11 - 0 . 35 0 . 17 - 0 . 10 < 0 . 0 1 - 0 . 17 0 . 0 4 - 0 . 0 8 - 0 . 0 3 - 0 . 0 2 
12 - 0 . 1 3 0 . 12 0 . 1 3 - 0 . 1 2 - 0 . 3 9 0 . 3 9 0 . 1 0 - 0 . 0 5 0 . 0 4 
13 - 0 . 0 2 - 0 . 36 0 . 1 0 0 . 0 8 0 . 3 3 0 . 2 4 0 . 1 4 0 . 1 3 0 . 2 0 
14 0 . 3 3 0 . 0 4 0 . 1 6 0 . 6 5 < 0 . 0 1 - 0 . 0 7 0 . 1 8 0 . 2 2 - 0 . 1 3 
I S 0 . 4 0 0 . 34 0 . 0 3 0 . 1 8 - 0 . 3 8 0 . 1 6 - 0 . 0 3 - 0 . 2 7 - 0 . 1 8 
16 0 . 4 0 - 0 . 15 0 . 3 5 0 . 4 2 0 . 1 5 0 . 1 9 0 . 2 3 0 . 2 8 0 . 2 9 
17 0 . 2 9 0 . 25 0 . 4 9 0 . 1 8 0 . 4 7 - 0 . 0 2 0 . 1 2 0 . 4 3 - 0 , 0 5 
18 0 . 1 1 0 . 0 7 0 . 3 9 0 . 3 1 0 . 2 3 - 0 . 2 4 0 . 0 6 - 0 . 0 8 - 0 . 2 0 
19 - 0 . 0 6 0 11 0 . 2 0 0 . 0 1 0 . 1 3 - 0 . 0 3 - 0 . 0 9 0 . 2 8 0 . 3 2 
2 0 0 . 5 0 0 30 0 . 4 1 0 . 3 9 - 0 . 0 5 0 . 0 1 0 . 1 5 - 0 . 1 2 < 0 . 0 1 
21 0 . 1 5 0 . 20 0 . 1 7 0 . 1 3 0 . 0 1 0 . 2 4 - 0 . 0 3 - 0 . 2 0 - 0 . 1 9 
22 0 . 4 0 0 28 0 . 4 1 0 . 6 5 0 . 2 9 - 0 . 1 0 0 . 2 2 0 . 0 7 - 0 . 0 8 
2 3 0 . 6 6 0 . 31 0 . 1 7 0 . 1 7 - 0 . 0 5 - 0 . 1 0 - 0 . 0 4 - 0 . 4 7 - 0 . 2 5 
24 0 . 4 4 0 . 52 0 . 5 7 0 . 4 4 - 0 . 1 9 0 . 1 1 0 . 3 2 0 . 0 6 0 . 0 3 
25 0 . 17 0 . 17 0 . 3 2 0 . 0 7 0 . 4 4 < 0 . 0 1 0 . 2 1 0 . 1 1 - 0 . 0 3 
26 0 . 2 4 0 29 0 . 2 9 0 . 4 7 0 . 3 8 0 . 0 9 0 . 3 6 0 . 1 5 - 0 . 2 6 
27 0 . 4 9 0 10 0 . 3 1 0 . 5 0 0 . 19 - 0 . 1 1 0 . 2 0 0 . 2 2 - O . O l 
10 11 12 13 14 15 16 17 18 19 2 0 21 22 2 3 
0 . 1 0 0 . 0 6 
0 . 3 3 - 0 . 4 1 
- 0 . 1 0 - 0 . 1 7 
0 . 1 4 - 0 . 4 2 0 . 3 5 
0 . 1 5 0 . 3 5 0 . 1 3 - 0 . 0 5 
- 0 . 2 4 - 0 . 0 5 0 . 0 4 
0 . 1 3 - 0 . 0 7 - O . U - 0 . 0 3 0 . 4 1 
0 . 0 1 0 . 1 1 - 0 . 1 2 - 0 . 1 4 0 . 0 7 
, 2 8 0 . 0 7 0 . 4 3 0 . 0 2 0 . 1 4 0 . 2 5 
, 1 0 < 0 . 0 l 0 . 2 5 0 . 0 5 - 0 . 0 4 0 . 2 1 
0 . 3 3 0 . 0 3 - 0 . 0 5 0 . 2 3 0 . 3 2 - 0 . 1 3 
O . U - 0 . 1 2 0 . 1 0 - 0 . 0 4 0 . 0 2 
0 . 3 7 0 . 0 2 0 . 3 5 - 0 . 2 7 0 . 3 8 
- 0 . 0 8 - 0 . 2 0 0 . 2 4 0 . 2 8 - 0 . 1 6 
0 . 3 0 
0 . 4 2 
0 . 2 7 0 . 1 4 
• 0 . 1 9 
S l g n i r i c a n c n 0 . 0 5 0 - 0 1 
r 0 . 4 1 0 . 5 2 
n - 2 5 
• 0 . 2 4 0 . 1 0 
• 0 . 0 7 0 . 1 2 0 . 1 0 
24 2 5 26 
S a m p l I n n D a c c a 
1 8 / 7 / 7 5 
2 2 2 / 7 / 7 5 
3 5 / 8 / 7 5 
4 1 9 / 8 / 7 5 
5 2 / 9 / 7 5 
6 1 6 / 9 / 7 5 
7 3 0 / 9 / 7 5 
8 1 4 / 1 0 / 7 5 
9 2 8 / 1 0 / 7 5 
10 9 / 1 2 / 7 5 
11 2 1 / 1 2 / 7 5 
12 6 / 1 / 7 6 
13 2 0 / 1 / 7 6 
14 1 7 / 2 / 7 6 
15 2 / 3 / 7 6 
16 1 6 / 3 / 7 6 
17 3 0 / 3 / 7 6 
18 1 3 / 4 / 7 6 
19 2 7 / 4 / 7 6 
2 0 1 1 / 5 / 7 6 
21 2 5 / 5 / 7 6 
22 8 / 6 / 7 6 
2 3 6 / 7 / 7 6 
24 2 0 / 7 / 7 6 \D 
2 5 1 7 / 8 / 7 6 ( N 
2 6 3 1 / 8 / 7 6 CM 
27 1 4 / 9 / 7 6 
0 . 1 4 - 0 . 1 1 
0 . 0 1 0 . 0 7 - 0 0 5 
0 . 0 1 0 . 3 8 - 0 0 8 0 45 
0 . 4 5 0 . 3 5 - 0 0 8 0 54 0 . 2 9 
0 . 0 2 - 0 . 0 4 - 0 14 0 41 0 . 0 4 0 . 18 
0 . 1 7 0 . 0 2 0 19 0 6 0 0 . 1 4 0 . 2 5 0 . 2 3 
0 . 0 7 0 . 2 1 0 19 0 38 0 . 3 0 0 . 37 0 . 1 4 0 12 
0 . 1 3 0 . 0 8 0 10 0 4 4 0 . 1 5 0 . 59 0 . 1 5 0 32 
0 . 2 0 < 0 . 0 1 0 16 0 44 - 0 . 0 3 0 . 4 0 0 . 1 9 0 39 , 6 4 - O . l l - 0 . 0 7 0 - 2 4 0 . 3 4 0 . 2 8 O . i 
T a b l e 7,1 C o r r e l a t i o n m a t r i x showing t h e d e g r e e of s i m i l a r i t y i n downstream b a s e f l o w s e d i m e n t 
c o n c e n t r a t i o n p r o f i l e s f o r i n d i v i d u a l d a t e s 
c o m p l e t e l y random s e t o f d a t a . Of t h e 11 c o r r e l a t i o n s o n l y 
one does n o t i n v o l v e any o f t h e l a s t 8 s a m p l i n g d a t e s ( n o s . 
20-27 - t a b l e 7 . 1 ) . T h i s p r o b a b l y r e f l e c t s a s l i g h t im-
provement i n t h e a c c u r a c y o f l a b o r a t o r y d e t e r m i n a t i o n o f 
s e d i m e n t c o n c e n t r a t i o n . The major i n a c c u r a c y s u s t a i n e d i n 
l a b o r a t o r y a n a l y s i s a r i s e s from w e i g h i n g o f f i l t e r s . T h i s 
i n a c c u r a c y i s random and i s d i m i n i s h e d by t a k i n g a mean o f 
s e v e r a l s a m p l e s . An e x p e r i m e n t i n v o l v i n g a n a l y s i s o f two 
groups o f 10 s a m p l e s o f b a s e f l o w c o l l e c t e d a t a s i n g l e s i t e 
o v e r t h e s p a c e o f an hour p r o d u c e d a r a n g e o f v a l u e s from 
0,2mg/£ t o 0.9mg/£ but mean v a l u e s f o r t h e two groups (0.59 
mg/£ and 0,55mg/£) a r e v e r y s i m i l a r ( t a b l e 3 . 3 ) . F o r t h i s 
r e a s o n , downstream v a r i a t i o n s i n t h e mean suspended s e d i m e n t 
c o n c e n t r a t i o n a t e a c h s i t e (n = 27) were f i r s t examined t o 
i d e n t i f y any major t r e n d s p r e s e n t b e f o r e t u r n i n g t o i n d i v i -
d u a l s a m p l i n g d a t e s . T h e s e mean s e d i m e n t c o n c e n t r a t i o n 
v a l u e s p e r m i t m e a n i n g f u l i n t e r - s i t e c o m p a r i s o n s o f d i f f e r e n -
c e s a t l e a s t a s s m a l l a s 0.1mg/£. 
The mean b a s e f l o w s e d i m e n t c o n c e n t r a t i o n p r o f i l e c o v e r s 
a wide r a n g e o f v a l u e s from 1.83mg/£ t o 0.31mg/£ ( f i g 7.1, 
t a b l e 7 . 2 ) . The dominant f e a t u r e o f "the p r o f i l e i s t h e 
s h a r p i n c r e a s e i n mean c o n c e n t r a t i o n below S t 30, from 0,41 
mg/£ a t S t 30 to 1,23mg/-^ a t S t 29, and t h e e q u a l l y s h a r p 
f a l l i n c o n c e n t r a t i o n below S t 27, from 1.84mg/£ a t S t 27 t o 
0.56mg/£ a t S t 25. The c o e f f i c i e n t s o f v a r i a t i o n i n s e d i -
ment c o n c e n t r a t i o n f o r S t s 29, 28 and 27 ( 9 8 . 3 % , 105,3% and 
109.0% r e s p e c t i v e l y ) a r e s i g n i f i c a n t l y h i g h e r ( a t t h e 0.001 
l e v e l ) t h a n t h e r e m a i n i n g 27 s t a t i o n s where v a l u e s r a n g e 
from 50.3% to 77,7% ( t a b l e 7 . 2 ) . Mean s e d i m e n t c o n c e n t r a -
t i o n a t t h e s e 27 s t a t i o n s i s below 1mg/£ and random w e i g h i n g 
e r r o r s i n t h e r a n g e + 0,3mg/£ c o u l d a c c o u n t e n t i r e l y f o r 
v a r i a t i o n i n c o n c e n t r a t i o n a t t h e s e s t a t i o n s . The r e l a t i v e l y 
l a r g e c o e f f i c i e n t s o f v a r i a t i o n a t S t s 27-29, however, i n d i -
c a t e t h a t t h i s v a r i a t i o n i s n o t e n t i r e l y random. Both 
s e d i m e n t c o n c e n t r a t i o n s and s e d i m e n t d y n a m i c s i n the upper 
r e a c h e s o f t h e N a r r a t o r Brook d u r i n g b a s e f l o w a r e c l e a r l y 
q u i t e d i s t i n c t from t h e r e m a i n d e r o f t h e s t r e a m . 
The b a s e f l o w suspended s e d i m e n t i n t h i s upper r e a c h o f 
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7.1 Mean downstream b a s e f l o w s u s p e n d e d s e d i m e n t 
c o n c e n t r a t i o n p r o f i l e . N a r r a t o r Brook, 1975/76 
3500 
th e s t r e a m c o n s i s t s l a r g e l y of c o l l o i d a l m a t e r i a l composed o f 
i r o n o r g a n i c c o m p l e x e s w h i c h i s f e d i n t o t h e s t r e a m by 
m a r s h e s w h i c h b o r d e r t h e c h a n n e l between S t s 30 and 27. As 
t h e g r o u n d w a t e r f e e d i n g t h e m a r s h e s become o x y g e n a t e d upon 
r e a c h i n g t h e s u r f a c e , d i s s o l v e d i r o n i n t h e g r o u n d w a t e r i s 
o x i d i s e d t o t h e f e r r i c s t a t e w h i c h b e i n g i n s o l u b l e p r e c i p i -
t a t e s and combines w i t h humic c o l l o i d s i n the. bogs. T h i s 
p r o c e s s h a s p r e v i o u s l y been d e s c r i b e d i n s t r e a m s d r a i n i n g 
m arshes i n W i s c o n s i n (Lee e t a l 1 9 7 5 ) . The p r e s e n c e o f t h i s 
c o l l o i d a l s u s p e n s i o n i m p a r t s a d i s t i n c t i v e r e d d i s h brown 
c o l o u r a t i o n t o s t r e a m w a t e r i n t h i s s e c t i o n o f t h e N a r r a t o r 
Brook d u r i n g b a s e f l o w . D u r i n g s t o r m f l o w much g r e a t e r 
q u a n t i t i e s of t h i s m a t e r i a l i s m o b i l i s e d and t h e e n t i r e 
s t r e a m becomes d i s c o l o u r e d . 
The d e c r e a s e i n c o n c e n t r a t i o n beyond S t 27 may p o s s i b l y 
be a t t r i b u t a b l e to t h e f i l t e r i n g e f f e c t o f weed on t h e s t r e a m 
bed w h i c h i s u n u s u a l l y t h i c k i n t h e s e c t i o n betv;een S t s 28 and 
25. D i s t u r b a n c e o f t h e weeds i s o b s e r v e d t o d i s c o l o u r t h e 
w a t e r by t h e r e l e a s e o f s t o r e d c o l l o i d a l m a t e r i a l . Down-
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T a b l e 7.2 Mean b a s e f l o w s u s p e nded s e d i m e n t c o n c e n t r a t i o n s 
and c o e f f i c i e n t s o f v a r i a t i o n r e c o r d e d a t 30 samp-
l i n g s i t e s a l o n g t h e N a r r a t o r Brook. 
Mean Mean 
Suspended C o e f f i c i e n t Suspe.nded C o e f f i c i e n t 
St Sediment ^ of S t Sediment ^ of * 
No. C o n c e n t r a t i o n V a r i a t i o n No. C o n c e n t r a t i o n V a r i a t i o n 
(mg/^) (%) (mg/^V (%) 
1 0.65 67.1 16 0.37 69.9 
2 0.60 64.9 17 0.40 53.2 
3 0.54 76.5 18 0.31 77.7 
4 0.53 66.5 19 0.29 76.5 
5 0.57 75.0 20 0.41 68.0 
6 0.56 76.0 21 0.37 60. 1 
7 0.52 66.5 22 0.59 59. 1 
8 0.53 51.1 23 0.60 50.3 
9 0.58 60.7 24 0.51 70.3 
10 0.57 61.9 25 0.56 52. 1 
11 0.54 62.7 26 0.87 55.8 
12 0.53 60.5 27 1 .84 109.0 
13 0.40 52.4 28 1.75 105.8 
14 0.47 70.4 29 1.23 98.3 
15 0.34 62.8 30 0.41 66.0 
* n = 27 
s t r e a m o f S t 25, s t r e a m w a t e r i s v i r t u a l l y c o m p l e t e l y c l e a r e d 
o f c o l l o i d a l humus d u r i n g b a s e f l o w . The f a l l i n c o n c e n t r a -
t i o n i n t h e s e c t i o n between S t s 27 and 26 where c h a n n e l weed 
i s a t i t s most d e n s e , must have r e p r e s e n t e d an o v e r a l l l o s s 
of a l m o s t one tonne o f c o l l o i d a l s u s p e n s i o n t o weed s t o r a g e 
d u r i n g t i m e s o f b a s e f l o w o v e r t h e p e r i o d o f o b s e r v a t i o n a s 
a whole. I t i s u n l i k e l y t h a t a b s o l u t e s t o r a g e i s a s g r e a t 
a s t h i s and r e l e a s e from s t o r a g e p r o b a b l y o c c u r s d u r i n g s t o r m 
f l o w a s a r e s u l t o f t u r b u l e n c e d i s t u r b i n g t h e weeds. T h i s 
may be a t l e a s t p a r t i a l l y r e s p o n s i b l e f o r o b s e r v e d d i s c o l o u r a -
t i o n t h r o u g h o u t t h e r e m a i n d e r o f t h e s t r e a m below S t 25 
d u r i n g f l o o d p e r i o d s . 
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The magnitude of t h e peak i n t h e s e d i m e n t c o n c e n t r a t i o n 
p r o f i l e between S t s 30 and 25 v a r i e d c o n s i d e r a b l y o v e r t h e 
p e r i o d o f o b s e r v a t i o n . C o n c e n t r a t i o n a t S t 27, which' 
g e n e r a l l y r e c o r d s t h e h i g h e s t v a l u e o f a l l t h e s a m p l i n g 
s t a t i o n s r e a c h e d 9.9mg/£ on 6/7/76 w h i l e t h e h i g h e s t c o n -
c e n t r a t i o n f o r s t a t i o n s downstream o f S t 26 on t h i s d a t e was 
1.5mg/£. By c o n t r a s t , f o r 11 o f t h e 27 s a m p l i n g d a t e s , con-
c e n t r a t i o n a t S t 27 was below 1mg/£ and n o t s i g n i f i c a n t l y 
d i f f e r e n t from c o n c e n t r a t i o n s a l o n g t h e r e m a i n d e r o f t h e 
s t r e a m ( f i g 7 . 2 ) . S e diment c o n c e n t r a t i o n a t S t 27 v a r i e s 
i n sympathy w i t h s t r e a m s t a g e a t t h i s s t a t i o n ( r =-0.62, n = 
2 7 ) . I t i s a t a maximum d u r i n g low d i s c h a r g e s w h i l e a t 
h i g h e r d i s c h a r g e s t h e c o n c e n t r a t i o n o f c o l l o i d a l m a t e r i a l 
i s s u i n g from m a r s h e s i s d i l u t e d and c o n c e n t r a t i o n d e c l i n e s 
( f i g 7 . 2 ) . However, t h e r e i s a l s o a c e r t a i n amount o f 
v a r i a t i o n i n t h e s e d i m e n t c o n c e n t r a t i o n a t S t 27 w h i c h i s 
i n d e p e n d e n t o f d i s c h a r g e . F o r t h e t h r e e c o n s e c u t i v e samp-
l i n g d a t e s 8/6/76, 6/7/76 and 20/7/76 no change i n s t a g e 
c o u l d be d e t e c t e d a t S t 27, y e t s e d i m e n t c o n c e n t r a t i o n s a t 
S t 27 f o r t h e s e s a m p l i n g d a t e s were 1.5mg/£, 9.9mg/£ and 3.5 
mg/£ r e s p e c t i v e l y . T h i s can o n l y r e p r e s e n t f l u c t u a t i o n s i n 
t h e r a t e o f d i s c h a r g e o f c o l l o i d a l m a t e r i a l from t h e m a r s h e s 
f o r r e a s o n s w h i c h a r e n o t c l e a r . A d d i t i o n o f A P I ^ ^ and 
s e a s o n t o t h e r e g r e s s i o n f a i l e d t o c o n t r i b u t e s i g n i f i c a n t l y 
t o e x p l a n a t i o n o f v a r i a n c e i n s e d i m e n t c o n c e n t r a t i o n a t S t 
27 ( t a b l e 7 . 3 ) . 
Downstream o f S t 25, w i t h t h e a b s e n c e o f c o l l o i d a l 
m a t t e r i n l a r g e q u a n t i t y , m i n e r a l f r a g m e n t s l a r g e r t h a n 1 
m i c r o n form t h e b u l k by w e i g h t o f b a s e f l o w suspended s e d i -
ment. From m i c r o s c o p e e x a m i n a t i o n of t h e f i l t e r e d s e d i m e n t 
i t i s a p p a r e n t t h a t l a r g e r m i n e r a l f r a g m e n t s above 100 
m i c r o n s a r e dominated by b i o t i t e f l a k e s . Q u a r t z and 
t o u r m a l i n e m i n e r a l f r a g m e n t s , a r e more s p h e r i c a l i n s h a p e , 
and a r e g e n e r a l l y below 50 m i c r o n s i n s i z e d u r i n g b a s e f l o w . 
The m a j o r i t y o f t h e s e s e d i m e n t p a r t i c l e s p r o b a b l y do n o t 
t r a v e l from t h e i r p o i n t o f o r i g i n i n t h e c h a n n e l to t h e 
c a t c h m e n t e x i t i n a s i n g l e j o u r n e y . P a r t i c l e s t r a v e l l i n g 
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F i g . 7.2 R e l a t i o n of s e d i m e n t c o n c e n t r a t i o n a t S t , 
27, N a r r a t o r Brook t o s t r e a m s t a g e , 
1975 t o S e p t . 1976 
M lay 
i n s u s p e n s i o n a r e c o n t i n u a l l y b e i n g l o s t t o t h e s t r e a m bed. 
E i n s t e i n ( 1 9 6 8 ) , who s t u d i e d t h i s p r o c e s s e x p e r i m e n t a l l y i n 
a f l u m e , d e m o n s t r a t e d t h a t i n t h e a b s e n c e o f renewed s u p p l y 
o f s e d i m e n t p a r t i c l e s ^ s e d i m e n t c o n c e n t r a t i o n s c a n d e c l i n e by 
h a l f w i t h i n t h e s p a c e o f a few m e t r e s , p a r t i c u l a r l y i n t h e 
p r e s e n c e of g r a v e l bed m a t e r i a l . I n t h e n a t u r a l s i t u a t i o n 
s e d i m e n t l o s t from s u s p e n s i o n d u r i n g b a s e f l o w i s c ompensated 
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T a b l e 7.3 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
s uspended s e d i m e n t c o n c e n t r a t i o n a t S t 27 ( d a t a 
u n t r a n s f o r m e d ) . 
DEPENDENT VARIABLE 
Suspended sediment c o n c e n t r a t i o n a t S t 27 
T o t a l 5th Order P a r t i a l 
C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 
Independent V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 
1 Stream stage a t St 27 -0.62 -0.45 15.63 
2 Antecedent p r e c i p i t a t i o n = CT 8 o 
( A P I - ^ ) - 0 . 0 3 - 0 . 0 6 0 . 0 3 a !? R « 30 
3 S e a s o n a l index - 0 . 4 9 - 0 . 1 7 0.71 n, g g:^ 
3 a c H -
o < H-
=> IIJ o o 
(T (-( 3 oi 
LEVEL OF < Q)' cr n 
SIGNIFICANCE O.Oi O.OOl ?! n ° 
r 0 . 4 9 0 . 6 0 
F 7.77 f o r 1 to 7.88 f o r 3 13.88 to 14. 19 
n = 27 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 40.4% 
t o a v a r i a b l e d e g r e e by a c o n t i n u a l s u p p l y o f s e d i m e n t , 
m a i n l y from submerged c h a n n e l b a n k s . Suspended s e d i m e n t 
c o n c e n t r a t i o n a t any p o i n t a l o n g t h e c h a n n e l i s t h u s a r e -
s u l t o f t h e r e l a t i v e r a t e o f l o s s and s u p p l y and t h i s i n t u r n 
i s d e t e r m i n e d by t h e n a t u r e o f t h e c h a n n e l . 
iMean s e d i m e n t c o n c e n t r a t i o n s f o r S t s 1-25 i n t h e 
N a r r a t o r Brook v a r y from 0.29mg/£ a t S t 19 t o 0.65mg/£ a t 
S t 1 ( f i g 7 . 1 ) . The mean b a s e f l o w s e d i m e n t c o n c e n t r a t i o n 
p r o f i l e downstream o f S t 25 shows s l o w and p r o g r e s s i v e 
c h a n g e s from s t a t i o n t o s t a t i o n . The mean c o n c e n t r a t i o n a t 
a s t a t i o n i s c l o s e l y r e l a t e d t o t h e c o n c e n t r a t i o n a t t h e n e x t 
s t a t i o n u p s t r e a m ( r = 0.71, n = 2 4 ) , even though d i s t a n c e 
between s t a t i o n s r a n g e s up t o 275 m. T h i s means t h a t t h e 
change i n c o n c e n t r a t i o n between a d j a c e n t s t a t i o n s i s r e l a t e d 
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t o c o n d i t i o n s o v e r t h e e n t i r e l e n g t h o f i n t e r v e n i n g s e c t i o n . 
I f s e d i m e n t c o n c e n t r a t i o n a t a s t a t i o n were a r e s p o n s e t o 
t h e n a t u r e o f t h e c h a n n e l i n t h e immediate u p s t r e a m v i c i n i t y 
o f t h e s t a t i o n , t h e s e d i m e n t c o n c e n t r a t i o n p r o f i l e would 
a p p e a r more i r r e g u l a r and s e d i m e n t c o n c e n t r a t i o n a t a s t a t i o n 
would b e a r no r e l a t i o n t o t h e c o n c e n t r a t i o n a t any a p p r e c -
i a b l e d i s t a n c e u p s t r e a m . T h i s h a s some i m p l i c a t i o n w i t h 
r e s p e c t t o t h e d i s t a n c e t r a v e l l e d by i n d i v i d u a l p a r t i c l e s i n 
the N a r r a t o r Brook and s u g g e s t s t h a t f o r t h e m a j o r i t y o f 
p a r t i c l e s t h i s d i s t a n c e e x c e e d s 110 m wh i c h i s t h e a v e r a g e 
d i s t a n c e between s a m p l i n g s t a t i o n s . 
I n a t t e m p t t o e x p l a i n downstream v a r i a t i o n s i n mean 
b a s e f l o w s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n , m u l t i p l e r e -
g r e s s i o n a n a l y s i s was p e r f o r m e d w i t h mean s e d i m e n t c o n c e n t r a -
t i o n a t a s t a t i o n a s t h e dependent v a r i a b l e and c o c e n t r a t i o n 
o f t h e n e x t s t a t i o n u p s t r e a m a s one o f t h e i n d e p e n d e n t 
v a r i a b l e s . The o t h e r i n d e p e n d e n t v a r i a b l e s t e s t e d were t h e 
l e n g t h o f t h e i n t e r v e n i n g c h a n n e l s e c t i o n , t o g e t h e r w i t h 
mean g r a d i e n t o f t h e s e c t i o n , w i d t h / d e p t h r a t i o and h y d r a u l i c 
r a d i u s . Only c h a n n e l g r a d i e n t s u c c e e d s i n c o n t r i b u t i n g s i g -
n i f i c a n t l y t o t h e e x p l a n a t i o n o f v a r i a n c e i n t h e dependent 
v a r i a b l e a c h i e v e d by t h e c o n c e n t r a t i o n o f t h e n e x t s t a t i o n 
u p s t r e a m ( t a b l e 7 . 4 ) . Over s t e e p s e c t i o n s o f t h e N a r r a t o r 
Brook c o n c e n t r a t i o n o f s e d i m e n t d e c l i n e s downstream i n d i c a -
t i n g t h a t t h e r e i s an i n c r e a s e i n t h e r a t e o f l o s s o f s e d i -
ment p a r t i c l e s from s u s p e n s i o n r e l a t i v e t o t h e r a t e o f s u p p l y . 
I n l o w e r g r a d i e n t s e c t i o n s , on t h e o t h e r hand, s e d i m e n t c o n -
c e n t r a t i o n s i n c r e a s e downstream i n d i c a t i n g a d e c r e a s e i n t h e 
r a t e o f s e d i m e n t a t i o n r e l a t i v e t o s u p p l y . 
The g r e a t e r r a t e o f s e d i m e n t a t i o n i n s t e e p s e c t i o n s c a n 
p e r h a p s be e x p l a i n e d by t h e l a r g e number o f p l u n g e p o o l s i n 
t h e s e s e c t i o n s . D u r i n g b a s e f l o w w a t e r i n t h e s e p o o l s c a n 
become s u f f i c i e n t l y s t i l l t o a l l o w s e t t l i n g o u t o f s e d i m e n t 
p a r t i c l e s from s u s p e n s i o n . A f t e r p r o l o n g e d p e r i o d s o f 
b a s e f l o w i t h a s been o b s e r v e d t h a t t h e r o c k s l y i n g a t t h e 
bottom o f p l u n g e p o o l s a c q u i r e a t h i n brown c o a t i n g o f s e d i -
ment. At h i g h e r f l o w s , d u r i n g f l o o d p e r i o d s , t h e t u r b u l e n c e 
233 
T a b l e 7.4 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
downstream v a r i a t i o n s i n mean b a s e f l o w s u s p e n d e d 
s e d i m e n t c o n c e n t r a t i o n r e c o r d e d a t 30 s a m p l i n g 
s t a t i o n s a l o n g t h e N a r r a t o r Brook. 
DEPENDENT VARIABLE 
Mean baseflow susoended sediment c o n c e n t r a t i o n 
Independent V a r i a b l e s 
T o t a l 
C o r r e l a t i o n 
C o e f f i c i e n t s 
4th Order P a r t i a l 
C o r r e l a t i o n P a r t i a l 
C o e f f i c i e n t s F V a l u e s 
Mean sediment concen-
t r a t i o n a t neighbouring 
upstream s t a t i o n 0.71 
Mean g r a d i e n t o f i n t e r -
vening stream s e c t i o n -0.40 
Mean h y d r a u l i c r a d i u s 
of i n t e r v e n i n g stream 
s e c t i o n -0.45 
Mean width/depth r a t i o 
o f i n t e r v e n i n g stream 
s e c t i o n 0.57 
Length of i n t e r v e n i n g 
stream s e c t i o n -0.18 
0.68 
-0.48 
-0.27 
-O.Ol 
-O. 12 
21.95 
9.52 
2.03 
o.oi 
0.24 
H- O O 2 
3 D* O O 
a o 
^ < 
3 
r r w 
ro 0) cr 3 
3 a c H -a 
(0 
3 
< 
0) 
r r H 
H-
LEVEL OF 
SIGNIFICANCE 
r 
F 
0.01 
0.46 
7.64 f o r 1 to 7.82 f o r 5 
O.OOl 
0.57 
13.50 to 14.03 
n = 30 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 69.2% 
w i t h i n t h e pl u n g e p o o l s e v a c u a t e s t h e s e d i m e n t a c c u m u l a t e d 
o v e r t h e p r e c e e d i n g p e r i o d o f low f l o w . The amount o f 
s e d i m e n t i n v o l v e d i s s m a l l . The g r e a t e s t drop i n mean s e d i ' 
ment c o n c e n t r a t i o n o c c u r s from S t 22 (0.59mg/l) t o S t 21 
(0.37mg/£). The i n t e r v e n i n g s t r e a m s e c t i o n f a l l s a t a r a t e 
o f 110.3 m/km and c o n s i s t s a l m o s t e n t i r e l y o f w a t e r f a l l s and 
pl u n g e p o o l s . D u r i n g a v e r a g e b a s e f l o w c o n d i t i o n s ( a b o u t 
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35 lis a t S t 21) n e t l o s s o f s e d i m e n t i s 700 gm/day s p r e a d 
o v e r the 110 m between S t s 22 and 21. As w e l l a s i n c r e a s e d 
s e d i m e n t a t i o n i n s t e e p s e c t i o n s , s u p p l y o f s e d i m e n t i s 
p r o b a b l y r e d u c e d t o some d e g r e e s i n c e c h a n n e l m a r g i n s a r e 
t y p i c a l l y composed o f b o u l d e r s and o t h e r c o a r s e m a t e r i a l so 
t h a t s o u r c e o f f i n e s f o r s u s p e n d e d t r a n s p o r t i n s t e e p s e c t i o n s 
i s l i m i t e d . The l a r g e s t i n c r e a s e i n c o n c e n t r a t i o n between 
s t a t i o n s o c c u r s from S t 13 (0.40mg/£) t o S t 12 (0.53mg/^) 
i n v o l v i n g a n e t g a i n o f 1 200 gm/day o v e r 189 m o f c h a n n e l 
d u r i n g b a s e f l o w . The s t r e a m s e c t i o n between S t s 12 and 13 
f a l l s a t a r a t e o f 17.9 m/km. 
C o n c e n t r a t i o n o f s e d i m e n t a t any p o i n t a l o n g t h e s t r e a m 
d u r i n g b a s e f l o w c a n be p r e d i c t e d w i t h i n c l o s e l i m i t s (+ 0.13 
mg/£ w i t h 95% c o n f i d e n c e ) on t h e b a s i s o f t h e c o n c e n t r a t i o n 
a t an u p s t r e a m l o c a t i o n and t h e g r a d i e n t o f t h e i n t e r v e n i n g 
s t r e a m s e c t i o n ( e q u a t i o n 7 . 1 ) . 
Y = 0.189 + 0.734x^-0.00154X2 (7.1) 
n = 24 r = 0.81 S.E. = 0.063mg/^ 
Y = Mean b a s e f l o w s u s p e nded s e d i m e n t concentration(mg/£) 
X^ = Mean b a s e f l o w s u s p e nded s e d i m e n t c o n c e n t r a t i o n o f an 
u p s t r e a m l o c a t i o n (mg/£) 
X^ = C h a n n e l g r a d i e n t o f t h e i n t e r v e n i n g s t r e a m s e c t i o n 
(m/km) 
By u s e o f t h i s e m p i r i c a l r e l a t i o n , from known c o n c e n t r a -
t i o n a t any one l o c a t i o n , t h e downstream s e d i m e n t p r o f i l e c a n 
be e x t r a p o l a t e d . S t a r t i n g from a measured mean c o n c e n t r a -
t i o n o f 0.41 ppm a t S t 30, a p r e d i c t e d s e d i m e n t c o n c e n t r a t i o n 
p r o f i l e f o r t h e N a r r a t o r Brook was p r o j e c t e d downstream by 
t h i s method ( f i g 7 . 3 ) . A l t h o u g h d a t a from t h e s t r e a m s e c -
t i o n above S t 25 were not i n c l u d e d i n t h e r e g r e s s i o n a n a l y s i s , 
p r e d i c t e d and o b s e r v e d p r o f i l e s c o r r e s p o n d q u i t e c l o s e l y 
o v e r t h e l o w e r p a r t o f t h e s t r e a m , and s e r v e s t o h i g h l i g h t 
t h e i m p o r t a n t c o n t r i b u t i o n o f c o l l o i d a l m a t t e r t o t o t a l s u s -
pended s e d i m e n t i n t h e upper r e a c h e s . 
Mean b a s e f l o w s u s p e nded s e d i m e n t c o n c e n t r a t i o n s i n t h e 
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Comparison of observed and p r e d i c t e d 
downstream baseflow suspended sediment 
c o n c e n t r a t i o n p r o f i l e s , N a r r a t o r Brook 
f o r e s t s e c t i o n of the Narrator Brook ( S t s 1-11) range from 
0.52mg/£ a t St 7 to 0.65mg/£ a t S t 1. These c o n c e n t r a t i o n s 
are somewhat higher than c o n c e n t r a t i o n s i n the s e c t i o n be-
tween St , 21 and St 11 which range from 0.29mg/-e at St 19 to 
0.54mg/£ a t St 11. However, observed and p r e d i c t e d p r o f i l e s 
correspond very c l o s e l y f o r the s e c t i o n between S t s 11 and 1 
i n d i c a t i n g t h a t the r e l a t i v e l y high c o n c e n t r a t i o n s i n t h i s 
s e c t i o n are due almost e n t i r e l y to the r e l a t i v e l y low g r a -
d i e n t s . Eroding banks and ephemeral channels i n the f o r e s -
ted region of the catchment appear to have more i n f l u e n c e 
upon flood p e r i o d sediment t r a n s p o r t than baseflow sediment 
t r a n s p o r t . 
Aside from the upper reaches of the stream where 
c o l l o i d a l m a t e r i a l c o n t r i b u t e s s u b s t a n t i a l l y to suspended 
sediment, the g r e a t e s t d i s p a r i t y between observed and pre-
d i c t e d v a l u e s i s a t St 15 ( f i g 7,3). Mean baseflow sediment 
c o n c e n t r a t i o n a t t h i s s t a t i o n i s 0.34mg/£ whereas from con-
s i d e r a t i o n of c o n c e n t r a t i o n a t St 16 (0,37mg/£) and the low 
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g r a d i e n t between these two s t a t i o n s (27.5 m/km), c o n c e n t r a -
t i o n a t St 15 should be i n the region of 0.50mg/£. Between 
S t s 15 and 16 a t h i c k brush l i n e s the channel and i n p l a c e s 
hangs i n t o the stream trapping l e a v e s and twigs to form tem-
porary d e b r i s dams. These dams may be r e s p o n s i b l e f o r 
f i l t e r i n g sediment p a r t i c l e s from the stream during baseflow 
and d e p r e s s i n g sediment c o n c e n t r a t i o n a t St 15. 
Data f o r i n d i v i d u a l sampling dates were a l s o r e g r e s s e d 
a g a i n s t the sediment c o n c e n t r a t i o n f o r the neighbouring 
s t a t i o n upstream and the g r a d i e n t of the i n t e r v e n i n g channel 
s e c t i o n . M u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s vary from 0.79 
to 0.08; none exceed the 0.81 achieved using mean v a l u e s 
fo r a l l sampling d a t e s . T h i s means t h a t the trend which 
emerges from a n a l y s i s of mean v a l u e s i s masked to some de-
gree f o r i n d i v i d u a l sampling dates by i n a c c u r a c i e s i n the 
data. I t a l s o means t h a t the trend was more c o n s i s t e n t f o r 
the 27 sampling dates than the wide v a r i a t i o n i n m u l t i p l e 
c o r r e l a t i o n c o e f f i c i e n t s would suggest. I f t h i s were not 
the c a s e , the m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t obtained from 
mean c o n c e n t r a t i o n v a l u e s would be c l o s e r to a mean of the 
m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s f o r i n d i v i d u a l sampling 
d a t e s . To what exte n t the v a r i a t i o n s i n the m u l t i p l e 
c o r r e l a t i o n c o e f f i c i e n t s f o r i n d i v i d u a l sampling dates r e -
f l e c t temporal changes i n s t r e n g t h of the trend r e p r e s e n t e d 
by equation 7.1 i s not c e r t a i n . The 27 m u l t i p l e c o r r e l a t i o n 
c o e f f i c i e n t s were t e s t e d a g a i n s t d i s c h a r g e a t St 1 f o r each 
sampling date, season, and a 30 day antecedent storm p e r i o d 
sediment d i s c h a r g e index c a l c u l a t e d i n the same f a s h i o n as 
API^Q (equation 3.4). The low c o r r e l a t i o n c o e f f i c i e n t s 
(r = 0.13, -0.22 and 0.05 r e s p e c t i v e l y , n = 27) i n d i c a t e t h a t 
i f the form of the mean baseflow suspended sediment concen-
t r a t i o n p r o f i l e ( f i g 7.1) i s s u b j e c t to temporal changes, 
these changes are not i n f l u e n c e d by the three f a c t o r s t e s t e d 
and must be r e l a t e d to more s u b t l e c o n t r o l s . 
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7.1.2 Solutes 
The stream samples which were c o l l e c t e d on 27 o c c a s i o n s 
a t 30 sampling s i t e s along the N a r r a t o r Brook as d e s c r i b e d 
i n s e c t i o n 7.1.1 were an a l y s e d f o r s p e c i f i c conductance as 
w e l l as suspended sediment c o n c e n t r a t i o n . S p e c i f i c conduc-
tance f o r baseflow samples i s c o n s i d e r a b l y more r e p r o d u c i b l e 
than suspended sediment c o n c e n t r a t i o n . T h i s enables mean-
i n g f u l i n t e r p r e t a t i o n of downstream v a r i a t i o n s i n s p e c i f i c 
conductance f o r i n d i v i d u a l sampling dates whereas t h i s i s not 
p o s s i b l e for suspended sediment. The low degree of v a r i a -
b i l i t y i n baseflow s p e c i f i c conductance a t the main gauging 
s i t e has been d i s c u s s e d i n s e c t i o n 6,3.2. S p e c i f i c conduc-
tance was e q u a l l y constant a t the other 29 s i t e s during the 
period of o b s e r v a t i o n . C o e f f i c i e n t s of v a r i a t i o n f o r s p e c i -
f i c conductance at the 30 sampling s t a t i o n s are very low i n 
comparison to suspended sediment ranging from only 3.6% to 
5.9% ( t a b l e 7.5). As a r e s u l t of the low v a r i a b i l i t y a t a 
s t a t i o n the downstream s p e c i f i c conductance p r o f i l e changes 
very l i t t l e . T h i s i s i l l u s t r a t e d by c o r r e l a t i o n of down-
stream v a r i a t i o n s i n the s p e c i f i c conductance for the 27 
sampling dates ( t a b l e 7,6). I n sharp c o n t r a s t to the s e d i -
ment c o n c e n t r a t i o n matrix ( t a b l e 7.1) only 62 of the 351 
c o r r e l a t i o n c o e f f i c i e n t s are below 0.90 and 7 reach 0.99. 
The o v e r a l l form of the baseflow s p e c i f i c conductance 
p r o f i l e f or the Narrator Brook i s l e s s v a r i a b l e than i n d i v i -
dual v a l u e s a t a s i t e . On two of the sampling dates 8/7/75 
and 31/8/76, baseflow s p e c i f i c conductance a t St 1 was higher 
than normal ( f i g 6.5). Although f o r these sampling dates 
s p e c i f i c conductance v a l u e s o v e r a l l are r e s p e c t i v e l y a p p r o x i -
mately 12% and 6% higher than normal the form of the s p e c i f i c 
conductance p r o f i l e remains r e l a t i v e l y unchanged ( f i g 7.4). 
Included i n f i g 7.4 for comparative purposes i s the p r o f i l e 
for 20/7/76 which i s t y p i c a l of normal baseflow c o n d i t i o n s . 
The main f e a t u r e of the s p e c i f i c conductance p r o f i l e of 
the Narrator Brook i s an i r r e g u l a r but pronounced i n c r e a s e 
downstream of St 13 ( f i g 7.4), T h i s c o i n c i d e s with the 
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Table 7.5 Mean baseflow s p e c i f i c conductance and co-
e f f i c i e n t s of v a r i a t i o n recorded a t 30 sampling 
s i t e s along the N a r r a t o r Brook. 
Mean Mean 
S p e c i f i c ^ S p e c i f i c ^ 
S t Conductance C o e f f i c i e n t ^ S t Conductance C o e f f i c i e n t 
No. (ymhos / cm Of. V a r i a t i o n (pmhos / cm 
Of V a r i a t i o n 
a t 25°C) (%) No. a t 25°C) (%) 
1 55.7 4.0 16 48.5 3.6 
2 55.5 4.2 17 48.0 3.7 
3 54.8 4.1 18 48.4 3.6 
4 52.4 4.1 19 48.0 3.6 
5 52.0 4.0 20 47.7 4.2 
6 52.0 4.2 21 47.9 4.5 
7 51.7 4.1 22 48.6 4.1 
8 51.6 4.1 23 48.6 4.2 
9 50.8 4.2 24 47.4 5.4 
lO 50.8 3.7 ,25 48.0 5.2 
11 51 .0 4.0 26 48.3 5.3 
12 50.3 3.6 27 48.9 5.3 
13 48.8 4.0 28 49.0 5.4 
14 48.8 4.0 29 49. 1 5.9 
15 48.3 3.7 30 46.5 4.1 
27 
appearance of c o n i f e r s i n the catchment a r e a of the N a r r a t o r 
Brook below S t 13. Baseflow s p e c i f i c conductance p r o f i l e s 
were a l s o obtained for the other two major feeder streams of 
the B u r r a t o r R e s e r v o i r , the Meavy R i v e r and the Newleycombe 
Lake ( f i g 7.5). Only the lower p a r t of the Meavy R i v e r was 
sampled, below the point where the r i v e r i s d i v e r t e d to the 
Devonport L e a t . Both streams, l i k e the N a r r a t o r Brook, 
have catchments which are p a r t i a l l y f o r e s t e d a t t h e i r lower 
ends. The Meavy R i v e r has p r o p o r t i o n a l l y more of i t s 
catchment under f o r e s t (28.2%) than t h a t of the Narrator 
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2 1 0 . 9 4 0 . 9 7 0 . 9 2 0 . 5 0 0 . 9 6 0 . 9 2 0 . 9 3 0 . 9 7 0 . 9 8 0 . 9 7 0 . 9 8 0 . 9 8 0 - 9 5 0 . 9 4 0 . 9 4 0 . 9 6 0 . 9 8 
2 2 0 . 9 3 0 . 9 6 0 . 9 4 0 . 5 0 0 . 9 7 0 . 9 3 0 . 9 4 0 . 9 8 0 . 9 8 0 . 9 7 0 . 9 8 0 . 9 8 0 - 9 6 0 . 9 6 0 . 9 2 0 . 9 6 
2 3 0 . 9 4 0 . 9 7 0 . 9 8 0 . 6 1 0 . 9 8 0 . 9 6 0 . 9 7 0 . 9 8 0 . 9 6 0 . 9 6 0 . 9 7 0 . 9 7 0 - 9 8 0 . 9 0 0 . 9 0 0 . 9 8 
2 4 0 . 9 6 0 . 9 6 0 . 9 8 0 . 6 4 0 . 9 6 0 . 9 6 0 . 9 6 0 . 9 6 0 . 9 4 0 . 9 6 0 . 9 6 0 . 9 7 0 - 9 8 0 . 9 8 0 . 8 9 0 . 9 8 
2 5 0 . 9 5 0 . 9 6 0 . 9 7 0 . 6 0 0 . 9 6 0 . 9 5 0 . 9 5 0 . 9 7 0 . 9 5 0 . 9 6 0 . 9 8 0 . 9 8 0 - 9 7 0 . 9 8 0 . 8 9 0 . 9 6 
2 6 0 . 9 7 0 . 9 6 0 . 9 5 0 . 6 2 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 6 0 . 9 3 0 . 9 6 0 . 9 7 0 . 9 6 0 - 9 8 0 . 9 7 0 . 8 9 0 . 9 7 
2 7 0 . 8 9 0 . 8 5 0 , 8 7 0 . 8 2 0 . 8 3 0 . 9 1 0 . 8 3 O . B O 0 . 7 7 0 . 8 1 0 . 8 7 0 . 8 0 0 . 9 1 0 . 8 9 0 . 6 8 0 . 8 6 
Table 7.G C o r r e l a t i o n matrix showing the degree of s i m i l a r i t 
conductance p r o f i l e s f o r i n d i v i d u a l sampling dates 
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 
2 0 . 9 5 
3 0 . 9 4 0 . 9 5 
S i g n i f i c a n c e 0 . 0 5 O.Ol 
4 0 . 6 9 0 . 6 3 0 . 6 6 
r 0 . 3 7 Q.hl 
5 0 . 9 2 0 . 9 5 0 . 9 5 0 . 5 5 
6 0 . 9 2 0 . 9 4 0 . 9 6 0 . 7 0 0 . 9 6 
7 0 . 9 0 0 . 9 6 0 . 9 2 0 . 5 9 0 . 9 5 0 . 9 3 
B 0 . 9 2 0 . 9 6 0 . 9 4 0 . 4 9 0 . 9 7 0 . 9 3 0 . 9 6 
9 0 . 9 0 0 . 9 5 0 . 9 1 0 . 4 7 0 . 9 7 0 . 9 2 0 . 9 4 0 . 9 7 
1 0 0 . 9 4 0 . 9 6 0 . 9 3 0 . 4 9 0 . 9 5 0 . 9 1 0 . 9 4 0 . 9 8 0 . 9 5 
1 1 0 . 9 5 0 . 9 6 0 . 9 5 0 . 5 2 0 . 9 6 0 . 9 2 0 . 9 4 0 . 9 8 0 . 9 6 0 . 9 8 
1 2 0 . 9 5 0 . 9 7 0 . 9 4 0 . 5 0 0 . 9 6 0 . 9 1 0 . 9 5 0 . 9 9 0 . 9 6 0 . 9 9 0 . 9 9 
1 3 0 . 9 7 0 . 9 6 0 . 9 5 0 . 6 7 0 . 9 3 0 . 9 6 0 . 9 3 0 . 9 4 0 . 9 2 0 . 9 5 0 . 9 6 0 . 9 5 
1 4 0 . 9 5 0 . 9 5 0 . 9 7 0 . 6 1 0 . 9 7 0 . 9 5 0 . 9 4 0 . 9 7 0 . 9 4 0 . 9 6 0 . 9 7 0 . 9 6 0 . 9 6 
1 5 0 , 8 6 0 . 9 2 0 . 8 4 0 . 3 7 0 . 8 B 0 . 8 1 0 . 8 9 0 . 9 3 0 . 9 2 0 . 9 3 0 . 9 \ 0 . 9 4 0 . 8 7 0 . 8 7 
1 6 0 . 9 4 0 . 9 7 0 . 9 6 0 . 6 1 0 . 9 7 0 . 9 6 0 . 9 6 0 . 9 6 0 . 9 4 0 . 9 5 0 . 9 6 0 . 9 6 0 . 9 5 0 . 9 6 0 . 8 9 
1 7 0 . 9 2 0 . 9 5 0 . 9 1 0 . 4 2 0 . 9 3 0 . 8 7 0 . 9 3 0 . 9 7 0 . 9 6 0 . 9 7 0 . 9 8 0 . 9 9 0 . 9 3 0 . 9 3 0 . 9 5 0 . 9 4 O 
I B 0 . 9 3 0 . 9 6 0 . 9 4 0 . 4 8 0 . 9 6 0 . 9 2 0 . 9 5 0 . 9 8 0 . 9 7 0 . 9 8 0 . 9 8 0 . 9 9 0 . 9 5 0 . 9 6 0 . 9 4 0 . 9 7 n Q O ^NJ 
SnmpIinR D-itPH 
1 8 / 7 / 7 5 
2 2 2 / 7 / 7 5 
3 5 / 8 / 7 5 
4 1 9 / 8 / 7 5 
5 2 / 9 / 7 5 
6 1 6 / 9 / 7 5 
7 3 0 / 9 / 7 5 
8 1 4 / 1 0 / 7 5 
9 2 8 / 1 0 / 7 5 
1 0 9 / 1 2 / 7 5 
1 1 2 1 / 1 2 / 7 5 
1 2 6 / 1 / 7 6 
1 3 2 0 / 1 / 7 6 
1 4 1 7 / 2 / 7 6 
1 5 2 / 3 / 7 6 
1 6 1 6 / 3 / 7 6 
1 7 3 0 / 3 / 7 6 
1 8 1 3 / 4 / 7 6 
1 9 2 7 / 4 / 7 6 
2 0 1 1 / 5 / 7 6 
2 1 2 5 / 5 / 7 6 
2 2 8 / 6 / 7 6 
2 3 6 / 7 / 7 6 
2 4 2 0 / 7 / 7 6 
2 5 1 7 / 8 / 7 6 
2 6 3 1 / 8 / 7 6 
2 7 1 4 / 9 / 7 6 
0 . 9 9 
0 . 9 7 0 . 9 6 
0 . 9 7 0 . 9 7 0 . 9 6 
0 . 9 8 0 . 9 8 0 . 9 6 0 . 9 7 
0 . 9 7 0 , . 9 8 0 . 9 4 0 . 9 6 0 . 9 8 
0 . 9 5 0 . , 9 7 0 . 9 2 0 . 9 6 0 . 9 8 0 . 9 7 
0 . 9 4 0 . 9 6 0 . 9 1 0 . 9 4 0 . 9 6 0 . 9 6 0 . 9 9 
0 . 9 5 0 . 9 6 0 . 9 2 0 . 9 6 0 , . 9 6 0 , . 9 6 0 . 9 8 0 . 9 8 
0 . 9 5 0 . 9 5 0 . 9 2 0 . 9 3 0 . , 9 7 0 , , 9 6 0 , . 9 6 0 . 9 8 
0 . 7 6 0 . 7 9 0 . 7 2 0 . 7 5 0 . 8 1 0 . 8 1 0 . 8 5 0 . 9 0 
0 . 9 7 
70-1 
60-^ 
t 50 
I 
I 
F i g . 7.4 
8/7/75 
31/8/75 
20/7^75 
SAMPLING STATIONS 
29 28 27 25 25 
' ' • ' ' 
23 22 
2 i 21 20 
, I II II 
18 n 
I III I 
500 
U 13 12 4-^ L. 
10 
n 9 
_ l l i_ 
e 7 
_LJ_ 6S i 11 I 
1000 3000 
2 
3 1 
3500 1500 2000 2500 
Distance from source (metres) 
Comparison of downstream baseflow s p e c i f i c 
conductance p r o f i l e s f o r the N a r r a t o r Brook 
fo r sampling dates 3/7/75, 20/7/76 and 31/8/7G 
Brook (11,3%), and the Newleycombe Lake catchment (2.4%) has 
r a t h e r l e s s . The s o l u t e c o n c e n t r a t i o n p r o f i l e s of these 
two streams d i s p l a y the same g e n e r a l form as the Narrator 
Brook ( f i g 7.6). For a l l t h r e e streams there i s no s i g n i -
f i c a n t downstream i n c r e a s e i n s p e c i f i c conductance u n t i l 
each stream e n t e r s i t s r e s p e c t i v e f o r e s t e d sub-catchment 
from which point downstream i n c r e a s e i s s i g n i f i c a n t a t the 
0.01 l e v e l or b e t t e r . The downstream i n c r e a s e i n concentra-
t i o n i s most pronounced i n the Meavy R i v e r , which has the 
g r e a t e s t proportion of i t s catchment under f o r e s t , and l e a s t 
marked in the Newleycombe Lake. R e s p e c t i v e r a t e s of i n -
c r e a s e downstream are 7.6, 5.9 and 4,8 pmhos per km of r i v e r 
l ength. From these o b s e r v a t i o n s there can be l i t t l e doubt 
t h a t i n some manner the presence of f o r e s t cover l o c a l l y i n -
c r e a s e s baseflow s o l u t e c o n c e n t r a t i o n s . Walling and Webb 
(1975) i n a study of the s p a t i a l v a r i a t i o n of baseflow 
s p e c i f i c conductance w i t h i n the Exe R i v e r B a s i n a l s o o b t a i n 
higher v a l u e s i n f o r e s t e d a r e a s than i n moorland a r e a s on 
the same l i t h o l o g y , but o f f e r no explanation* 
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F i g . 7.5 Drainage b a s i n of the B u r r a t o r R e s e r v o i r showing 
the a r e a s under c o n i f e r o u s f o r e s t 
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F i g . 7.6 Comparison of downstream baseflow s p e c i f i c conductance p r o f i l e s 
f o r the Narrator Brook, Newleycombe Lake and Meavy R i v e r , J u l y 1976 
I n c r e a s i n g s o l u t e c o n c e n t r a t i o n downstream i s a c h a r a c -
t e r i s t i c f e a t u r e of many streams. Aside from p o l l u t i o n , 
t h i s can r e s u l t from an i n c r e a s e downstream f i r s t l y i n the 
supply of s o l u t e from rock weathering, secondly i n the 
supply of s o l u t e s from the atmosphere, or - t h i r d l y i n the 
r a t e of e v a p o t r a n s p i r a t i o n , With r e s p e c t to supply of 
s o l u t e s from rock weathering, i n catchments c o n t a i n i n g two 
or more rock types, the rocks more s u s c e p t i b l e to chemical 
denudation often l i e i n the bottom of the catchment with 
more r e s i s t a n t rocks occupying the higher a l t i t u d e s . The 
Hodge Beck i n the North Y o r k s h i r e Moors, f o r example, ex-
p e r i e n c e s r i s i n g s o l u t e c o n c e n t r a t i o n s downstream a f t e r the 
stream p a s s e s from Lower O o l i t e and Upper L i a s i n t o Middle 
and Lower L i a s (Imeson 1973). S i m i l a r l y the downstream i n -
c r e a s e i n s p e c i f i c conductance i n the R i v e r Exe, Devon, i s 
a t t r i b u t e d by Walling & Webb (1975) to the higher r a t e s of 
denudation of the Permian and T r i a s s i c rocks u n d e r l y i n g the 
lower p a r t s of the drainage b a s i n i n comparison to the more 
r e s i s t a n t Devonian rocks i n stream source r e g i o n s . Although 
the Narrator catchment i s u n d e r l a i n by a s i n g l e rock type, 
the p o s s i b i l i t y cannot be excluded t h a t the c o n i f e r o u s f o r e s t 
p l a n t a t i o n i n Narrator catchment, p o s s i b l y by a f f e c t i n g s o i l 
a c i d i t y , may be r e s p o n s i b l e f o r i n c r e a s i n g the r a t e of 
chemical denudation i n the u n d e r l y i n g g r a n i t e . 
A second p o s s i b l e cause f o r downstream i n c r e a s e i n 
s o l u t e c o n c e n t r a t i o n r e l a t e s to s p a t i a l v a r i a t i o n s i n atmos-
p h e r i c f a l l o u t . Marked d e c l i n e s i n bulk f a l l o u t c o n c e n t r a -
t i o n s away from windward c o a s t s have been observed i n Sweden 
(Eriks-scrt 1955) , The United S t a t e s (Junge & Werby 1958), 
A u s t r a l i a (Hutton 1968) and B r i t a i n (Stevenson 1968). Accord-
ing to Rodda e t a l (1976) the chemical nature of r i v e r s w ith 
low s o l u t e c o n c e n t r a t i o n s i s i n f l u e n c e d by the change i n 
composition of r a i n f a l l as the c o a s t i s approached. I t i s 
u n l i k e l y t h a t t h i s e x p l a n a t i o n can be a p p l i e d to catchments 
as s m a l l as t h a t of the Narrator Brook. For the p e r i o d 
26/4/76 to 13/12/76 bulk f a l l o u t was c o l l e c t e d a t s i t e above 
the f o r e s t p l a n t a t i o n c l o s e to raingauge 2 i n a d d i t i o n to 
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the permanent sampling s i t e near raingauge 1 at the c a t c h -
ment e x i t ( f i g 3.1). Although the two s i t e s are separated 
by almost two k i l o m e t r e s i n d i s t a n c e and 55 metres i n a l -
t i t u d e , and a l s o have very d i f f e r i n g exposures, c o n d u c t i v i -
t i e s recorded a t the two s i t e s are r e l a t i v e l y c o n s i s t e n t 
( f i g 7.7). Weekly v a l u e s r a r e l y show more than 20% d i f f e r -
ence and i n any case these d i f f e r e n c e s are l a r g e l y random so 
t h a t mean p r e c i p i t a t i o n weighted s p e c i f i c conductance v a l u e s 
for the two s i t e s , over the p e r i o d when both were i n opera-
t i o n , are very s i m i l a r (34.0 and 33.6 ymhos a t raingauge 
0 10 20 
Specific ctTKjuctance of bulk fanout. central catchment (micromhos/cm 
at 25*^:) 
F i g . 7.7 Comparison of s p e c i f i c conductance of bulk 
f a l l o u t recorded at two s i t e s i n the 
N a r r a t o r catchment 
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s i t e s 1 and 2 r e s p e c t i v e l y ) . Johnson e t a l (1968) r e p o r t 
a s i m i l a r s p a t i a l u n i f o r m i t y i n c o n c e n t r a t i o n s of bulk f a l l -
out w i t h i n a sma l l New England catchment as does F o s t e r 
(1979) i n a small Devon catchment. However, where impaction 
of wind blown s a l t p a r t i c l e s i s an important component of 
atmospheric f a l l o u t , s p a t i a l v a r i a b i l i t y i s l i k e l y to be 
much g r e a t e r s i n c e the e f f e c t i v e n e s s of t h i s p r o c e s s i s de-
pendent upon the type of v e g e t a t i o n cover (Gorham 1961). 
According to E r i k s o n (1955) the needle l e a v e s of c o n i f e r o u s 
t r e e s are p a r t i c u l a r l y e f f i c i e n t i n f i l t e r i n g s a l t p a r t i c l e s 
from the atmosphere. Chemical mass balance s t u d i e s of 
small catchments under c o n i f e r o u s f o r e s t , o f t e n r e v e a l an 
exc e s s of c h l o r i d e l e a v i n g the catchment i n stream water over 
t h a t e n t e r i n g the catchment i n bulk f a l l o u t , and t h i s i s 
g e n e r a l l y a t t r i b u t e d to impaction of atmospheric s a l t s on the 
f o r e s t canopy (Juang & Johnson 1967, White e t a l 1971, 
Zeman 1975). Spraggs (1976), on the other hand, i n a 
chemical mass balance study of a Hampshire catchment o b t a i n s 
g r e a t e r inputs of c h l o r i d e i n the form of bulk f a l l o u t than 
outputs i n stream water even though the catchment i s densely 
wooded, much of i t c o n i f e r o u s , and a l s o l i e s c l o s e to the 
c o a s t . S i m i l a r r e s u l t s from some A u s t r a l i a n catchments are 
d e s c r i b e d by Douglas (1968b). The s o l u t e c o n c e n t r a t i o n of 
t h r o u g h f a l l ' from a c o n i f e r o u s f o r e s t canopy i s often 
a p p r e c i a b l y higher than the s o l u t e c o n c e n t r a t i o n of bulk 
f a l l o u t , and t h i s a l s o has been a s c r i b e d to impaction of 
air - b o r n e s a l t p a r t i c l e s (Tamm 1953, White & Turner 1970, 
Hart & Parent 1974). However, A t t i w i l l (1966) maintains 
t h a t high t h r o u g h f a l l c o n c e n t r a t i o n s can be as much a r e s u l t 
of f o l i a r l e a c h i n g as impaction of atmospheric s a l t s . The 
i n f l u e n c e of f o l i a r l e a c h i n g upon stream s o l u t e c o n c e n t r a t i o n 
i s l i k e l y to be minor. F o s t e r (1979), i n a sma l l Devon 
catchment, d i s c o v e r e d t h a t the l a r g e i n c r e a s e i n potassium 
c o n c e n t r a t i o n i n t h r o u g h f a l l compared to bulk f a l l o u t , which 
he a t t r i b u t e s to f o l i a r l e a c h i n g , does not a f f e c t the 
potassium c o n c e n t r a t i o n of stream water and concluded t h a t 
s o l u t e s r e l e a s e d by f o l i a r l e a c h i n g are r e c y c l e d , 
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The t h i r d p o s s i b l e mechanism to e x p l a i n downstream i n -
c r e a s e s i n s o l u t e c o n c e n t r a t i o n i n the Nar r a t o r Brook i s 
d i f f e r e n t i a l e v a p o t r a n s p i r a t i o n and/or i n t e r c e p t i o n . I n -
cr e a s e d r a t e s of e v a p o t r a n s p i r a t i o n and i n t e r c e p t i o n by the 
f o r e s t p l a n t a t i o n i n comparison to other v e g e t a t i o n types i n 
the Narrator catchment would reduce the volume of water 
p a s s i n g through the f o r e s t e d a r e a . I f the a v a i l a b i l i t y of 
s o l u t e s from rock weathering and atmospheric f a l l o u t remained 
unchanged, the s o l u t e c o n c e n t r a t i o n of water d r a i n i n g the 
f o r e s t e d area would be g r e a t e r than u n f o r e s t e d a r e a s . T h i s 
e x p l a n a t i o n i s perhaps supported by the low baseflow runoff 
from the f o r e s t e d a r e a of the Nar r a t o r catchment. Baseflow 
runoff f o r the pe r i o d of o b s e r v a t i o n i s 1 331 mm at St 11 
above the f o r e s t p l a n t a t i o n compared with 1 151 mm a t the 
catchment e x i t . 
I t i s not p o s s i b l e to e s t a b l i s h with any confidence the 
r e l a t i v e importance of the three mechanisms o u t l i n e d above 
as f a r as the Nar r a t o r catchment i s concerned. Some i n -
i n s i g h t can be obtained by comparison of the chemical 
composition of s p r i n g s , seeps and t r i b u t a r i e s d r a i n i n g 
f o r e s t a r e a s during baseflow with those d r a i n i n g g r a s s l a n d 
or moorland a r e a s . Small t r i b u t a r i e s , s p r i n g s and seeps 
provide a more a c c u r a t e i n d i c a t i o n of l o c a l groundwater 
chemistry than the main stream s i n c e they have s m a l l e r d r a i n -
age a r e a s . The mean s p e c i f i c conductance of samples drawn 
from s p r i n g s , seeps and t r i b u t a r i e s i n the f o r e s t i s 74.6 ^ 
pmhos i n comparison to 55.2 pmhos f o r non- f o r e s t a r e a s ( t a b l e 
7.7), T h i s d i f f e r e n c e i s s i g n i f i c a n t a t b e t t e r than the 
,001 l e v e l . The c o n c e n t r a t i o n s i n these samples of c h l o r i d e , 
which i s s u p p l i e d e n t i r e l y from atmospheric f a l l o u t , and 
s i l i c a , which i s d e r i v e d e n t i r e l y from rock weathering, are 
both s i g n i f i c a n t l y g r e a t e r i n the f o r e s t e d region of the 
catchment. C h l o r i d e , however, undergoes a g r e a t e r propor-
t i o n a l i n c r e a s e than s i l i c a . The r a t i o of s i l i c a to 
c h l o r i d e i n the f o r e s t e d region of the catchment i s s i g n i f i -
c a n t l y l e s s than t h i s r a t i o f o r the non-forested region 
(0.61 and 0.71 r e s p e c t i v e l y ) . T h i s does not i n d i c a t e which 
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Table 7.7 S p e c i f i c conductance, c h l o r i d e and s i l i c a concen-
t r a t i o n f or t r i b u t a r i e s , s p r i n g s and seeps i n 
f o r e s t e d and non-forested regions of the N a r r a t o r 
catchment. 
R a t i o : 
F o r e s t 
67 
88 
79 
88 
57 
70 
66 
78 
63 
a a 
0 ) 
c 
fO 
yi 
c 
- H 
Q4 
tn 
74 
66 
74 
57 
89 
87 
71 
64 
89 
91 
Mean 74.6 
t 
S i g n i f i -
cance 
7.0 
001 
25°C) C h l o r i d e S i l i c a S i l i c a / C h l o r i d e 
open F o r e s t Open F o r e s t Open F o r e s t Open 
59 11.9 lO.O 6.9 7.5 0.58 0.75 
53 14.9 9.2 7.9 6.2 0.53 0.67 
59 13.6 9.9 8.4 6.0 0.62 0.61 
56 16.3 9.3 7.1 8.8 0.44 0.95 
52 10.3 8.9 7.1 5.4 0.69 0.61 
54 11.7 8.9 9.2 7.1 0.79 0.80 
54 11.4 9.1 9.9 7.1 .0.87 0.78 
53 12.8 9.4 7.1 6.0 0.55 0.66 
50 12.0 8.7 9.0 6.4 0.75 0.74 
47 8.4 5.8 0.69 
49 8.5 6.9 0.81 
48 8.5 5.6 0.66 
47 8.3 5.4 0.65 
46 8.4 5.6 0.67 
57 12.6 10.4 6.4 5.8 0.51 0.56 
57 10.6 lO.O 5.4 7.3 0.51 0.73 
53 12.1 9.3 8.8 5.1 0.73 0.55 
57 9.4 9.1 6.0 7.3 0.64 0.80 
58 14. 1 8.8 10.3 8.6 0.73 0.98 
62 1 .38 10.0 8.8 7.1 0.64 0.71 
55 12.2 9.1 6.6 6.4 0.54 0.70 
60 10.8 9.9 7.1 6.2 0.66 0.63 
58 15.1 9.6 6.6 7.5 0.44 0.78 
61 15.8 9.5 7.1 7.1 0.45 0.75 
58 8.8 6.9 0.78 
64 10. 1 6.2 0.61 
63 9.7 6.0 0.62 
55.2 12.7 9.3 7.7 6.6 0.61 0.71 
7.6 3.1 2.8 
.001 .Ol .01 
1 Samples c o l l e c t e d by author 19/11/76 
2 Samples c o l l e c t e d by J . L . Ternan 14/3/77 
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i s the dominant pr o c e s s r e s p o n s i b l e f o r i n c r e a s e d stream 
s o l u t e c o n c e n t r a t i o n s i n the f o r e s t e d region of the 
Narrator catchment. I t does suggest, however, t h a t pre-
f e r e n t i a l entrapment of atmospheric s a l t s by the f o r e s t i s 
of some s i g n i f i c a n c e . 
R e g ardless of the probable mechanism r e s p o n s i b l e , down 
stream v a r i a t i o n s i n baseflow s p e c i f i c conductance perpe-
t r a t e d by f o r e s t cover i n the catchment can be modelled on 
the b a s i s of a simple mixing equation: 
Cy = A.C + A C 
A / ^ A / 
where C^ i s the s p e c i f i c conductance of baseflow a t any 
poin t along the f o r e s t e d s e c t i o n of the stream; 
A- i s the ar e a of non-forested catchment above the A 
point on the stream to which C^ r e f e r s ; 
C i s the s p e c i f i c conductance of baseflow s u p p l i e d 
from non-forested regions of the catchment; 
Ap i s the area of f o r e s t e d catchment above C^; and 
Cp i s the s p e c i f i c conductance of baseflow s u p p l i e d 
from the f o r e s t e d r e g i o n s of the catchment. 
T h i s i s e q u a l l y a p p l i c a b l e to other catchments where 
stream s o l u t e c o n c e n t r a t i o n s are i n f l u e n c e d by a p a r t i a l 
cover of f o r e s t w i t h i n the catchment. I t i s , however, 
l i m i t e d to catchments u n d e r l a i n by a s i n g l e rock type and 
a l s o to smal l catchments over which hydrometeorological con-
d i t i o n s can be cons i d e r e d r e l a t i v e l y uniform. The model 
can be t e s t e d by c o r r e l a t i o n of the p r o p o r t i o n a l i n c r e a s e i n 
baseflow s p e c i f i c conductance C^ f o r v a r i o u s sampling s i t e s 
along the stream a g a i n s t the p r o p o r t i o n a l a r e a l r e p r e s e n t a -
t i o n of f o r e s t i n the sub-catchment above each s i t e sampled 
F The s p e c i f i c conductance of baseflow s u p p l i e d from 
"A * 
non-forested regions of the catchment C^ can be app r o x i -
249 
mated by a mean of observed stream baseflow s p e c i f i c conduc-
tance f o r a l l sampling s i t e s i n t h i s r e g i o n . For the 
Narr a t o r Brook, Newleycombe Lake and Meavy R i v e r C v a l u e s 
obtained i n t h i s way are 47.6, 47.8 and 52.2 ymhos r e s p e c -
t i v e l y ( t a b l e 7.8). Values f o r the Narrator Brook and 
Newleycombe Lake are very s i m i l a r ; baseflow c o n c e n t r a t i o n s 
i n non-forested r e g i o n s probably do not d e v i a t e g r e a t l y from 
around 48 umbos over the l a r g e r p a r t of Dartmoor. The C^ 
value f o r the Meavy catchment i s higher p o s s i b l y due to the 
p r a c t i c e of s a l t i n g roads on Dartmoor during winter months. 
The Y e l v e r t o n to P r i n c e t o n road runs through the Meavy c a t c h -
ment f o r a d i s t a n c e of four k i l o m e t r e s and s a l t washed from 
t h i s s t r e t c h of road may be r e s p o n s i b l e f o r i n c r e a s i n g 
"groundwater c o n c e n t r a t i o n s i n the catchment ( f i g 7,5). 
Since the turnover i n groundwater storage i s slow the r e s u l t -
ing e f f e c t upon stream baseflow c o n c e n t r a t i o n i s l i k e l y to be 
s u s t a i n e d throughout the yea r . Credence i s l e n t to t h i s 
e x p l a n a t i o n by a s t e a d i l y r i s i n g baseflow s o l u t e c o n c e n t r a t i o n 
i n an upstream d i r e c t i o n i n the Meavy R i v e r from 51,7 umbos 
Table 7.8 E f f e c t of f o r e s t cover upon baseflow s p e c i f i c 
conductance i n the catchments of the Narrator Brook, 
Newleycombe Lake and Meavy R i v e r . 
N a r r a t o r Newleycombe Meavy 
Catchment Catchment Catchment 
Catchment a r e a (Km^) 4.68 4.70 
* 
3.58 
F o r e s t a r e a , (Km^) 0.53 0.115 1 .Ol 
Length of f o r e s t margin L(Km) 2.8 1.2 3.4 
observed C {umhos/cm a t 25*^C) A 47.6 47.8 
52.2 
C o r r e c t e d C^(pmhos/cm a t 25 C) 49.0 47.0 51.8 
Computed C^ (vimhos/cm a t 25 C) no.8 239. 1 97.5 
C /C 2.26 5.09 1 .88 F A 
5.28 10.43 3.37 
* C o n t r i b u t i n g catchment a r e a o n l y (see f i g 7 .5) 
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j u s t before the stream e n t e r s the f o r e s t to 
58.6 pmhos clo.se t o i t s source; the road c r o s s e s 
the upper p a r t of the catchment. The baseflow c o n c e n t r a t i o n 
of the Hart Tor Brook, a t r i b u t a r y of the Heavy R i v e r which 
has no roads i n i t s catchment, i s around 47 to 48 ymhos 
matching t h a t of the N a r r a t o r Brook and Newleycombe Lake. 
The e f f e c t of road s a l t upon stream s o l u t e c o n c e n t r a t i o n has 
p r e v i o u s l y been d e s c r i b e d by Mulkowicz & Salem (1974) i n a 
catchment near Chicago, and by Edwards (1973a) i n a Norfolk 
catchment. 
For a l l t h r e e catchments, the parameter F e x p l a i n s 
a t l e a s t 93% of v a r i a n c e i n baseflow s o l u t e c o n c e n t r a t i o n s 
i l l u s t r a t i n g the l a r g e measure of s u c c e s s achieved by the 
proposed model (equation 5.2; f i g 7.8). Both the r e -
g r e s s i o n c o e f f i c i e n t s and i n t e r c e p t v a l u e s , however, d i f f e r 
a p p r e c i a b l y for the t h r e e catchments. 
For a l l three r e g r e s s i o n s , i n t e r c e p t v a l u e s d e v i a t e 
from u n i t y . According to the proposed model (equation 5.2) 
when f o r e s t i s absent i n the catchment t h e r e should be no 
i n c r e a s e i n stream s o l u t e c o n c e n t r a t i o n , so t h a t when 
equals zero, C^ should equal 1.0. T h i s may be a 
r e s u l t of some s l i g h t i n a c c u r a c y i n the e s t i m a t i o n of C^ ob-
t a i n e d from mean baseflow s p e c i f i c conductance f o r non-
f o r e s t e d regions i n each of the three catchments. When the 
r e g r e s s i o n c o n s t a n t s are a d j u s t e d to u n i t y , c o r r e c t e d C^ 
v a l u e s for the Narrator Brook. Newleycombe Lake and Meavy 
Ri v e r are 49.0, 47.0, and 51.8 umhos r e s p e c t i v e l y which are 
very s i m i l a r to the observed C^ v a l u e s of 47.6, 47.8 and 
52.2 ijmhos ( t a b l e 7.8) . 
The d i f f e r i n g r e g r e s s i o n c o e f f i c i e n t s f o r the t h r e e 
streams i n d i c a t e t h a t although i n a l l t h r e e streams baseflow 
s o l u t e c o n c e n t r a t i o n i n c r e a s e s i n response to the p r o p o r t i o n 
of catchment f o r e s t e d i t does so a t a d i f f e r e n t r a t e i n each 
c a s e . T h i s can only mean t h a t the s p e c i f i c conductance of 
baseflow s u p p l i e d from the f o r e s t area Cp d i f f e r s for the 
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R e l a t i o n of baseflow s p e c i f i c conductance 
to area of catchment f o r e s t e d f o r the 
Narrator Brook, Newleycombe Lake and Meavy 
River, See equation 7.2 f o r n o t a t i o n . 
three catchments. Values of , obtained by s u b s t i t u t i o n 
i n equation 5.2 f o r the N a r r a t o r , Newleycombe and Meavy 
catchments are 1 10.8, 239.1 and 97.5 vimhos r e s p e c t i v e l y . 
The r a t i o of baseflow s p e c i f i c conductance from f o r e s t e d and 
non-forested r e g i o n s i s a measure of the degree to which 
s o l u t e s have been concentrated by f o r e s t cover ( t a b l e 7,8), 
In the Na r r a t o r catchment, for example, s p e c i f i c conductance 
of baseflow s u p p l i e d from the f o r e s t has been i n c r e a s e d by a 
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f a c t o r of 2.26, compared with 5.09 and 1.88 f o r the Meavy 
and Newleycombe catchments r e s p e c t i v e l y . 
These d i f f e r e n c e s i n Cp v a l u e s f o r the f o r e s t e d a r e a s 
of the thre e catchments seems to be r e l a t e d to the shape and 
s i z e of the p l a n t a t i o n i n each catchment ( f i g 7.5). I n -
c r e a s e i n s p e c i f i c conductance i s g r e a t e r f o r f o r e s t p l a n t a -
t i o n s which have a longer perimeter i n r e l a t i o n to a r e a l ex-
t e n t ( t a b l e 7.8). The i n f l u e n c e of the length of f o r e s t 
perimeter can be accommodated i n two of the mechanisms p r e -
v i o u s l y d i s c u s s e d to e x p l a i n higher s o l u t e c o n c e n t r a t i o n s 
w i t h i n the f o r e s t . I t might be expected t h a t i f impaction 
of atmospheric s a l t s i s an important p r o c e s s i n the N a r r a t o r 
catchment higher r a t e s would occur along f o r e s t margins, 
s i n c e here there i s a g r e a t e r s u r f a c e a r e a of v e g e t a t i o n ex-
posed to s a l t b e a r i n g winds. Exposure to winds along f o r e s t 
margins i s a l s o l i k e l y to promote e v a p o t r a n s p i r a t i o n . F o r e s t 
i n t e r i o r s are more s h e l t e r e d and c i r c u l a t i o n i s reduced with 
the r e s u l t t h a t the atmosphere benea'th the f o r e s t canopy r e -
mains more humid thereby i n h i b i t i n g e v a p o t r a n s p i r a t i o n . The 
margin e f f e c t means t h a t the s p e c i f i c conductance of baseflow 
from f o r e s t e d a r e a s i s not s p a t i a l l y uniform and the v a l u e s 
quoted i n t a b l e 7.5 are mean a r e a l v a l u e s . The s p e c i f i c 
conductance of samples of groundwater drawn from s e v e r a l 
boreholes w i t h i n the f o r e s t a r e a of the N a r r a t o r catchment 
range from 65 to 140 ymhos ( J . Alexander, p e r s . comm.) com-
pared to a computed value of 110 pmhos. 
Although the i n c r e a s e i n s p e c i f i c conductance downstream 
i n the lower h a l f of the Narrator Brook i s a permanent 
f e a t u r e , s i g n i f i c a n t temporal changes i n the upper h a l f of 
the stream can be d e t e c t e d . These changes emerge very 
c l e a r l y from a n a l y s i s of the v a r i a b i l i t y i n s p e c i f i c conduc-
tance v a l u e s a t each s i t e . I f v a r i a b i l i t y i n s p e c i f i c con-
ductance at each s i t e were the same, i t would i n d i c a t e t h a t 
t h i s v a r i a b i l i t y i s due e n t i r e l y to an upward or downward 
s h i f t i n the s p e c i f i c conductance p r o f i l e without any appre-
c i a b l e change i n form as i l l u s t r a t e d i n f i g 7.4. I n r e a l i t y 
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the c o e f f i c i e n t of v a r i a t i o n f or each of the 30 s t a t i o n s i n -
c r e a s e s s h a r p l y from St 30 to St 29 ( f i g 7.9). T h e r e a f t e r 
i t d e c r e a s e s g r a d u a l l y downstream u n t i l St 19 beyond which 
v a l u e s are r e l a t i v e l y c o n s t a n t . 
T h e ' r i s e i n s p e c i f i c conductance from St 30 to S t 29 
which i s i l l u s t r a t e d by the p r o f i l e s i n f i g 7.4 i s due to 
dis c h a r g e of water from marshes j u s t upstream of St 29 with 
a higher s p e c i f i c conductance than the stream. A sample of 
the outflow from the l a r g e s t of these marshes c o l l e c t e d i n 
6/7/76 recorded a s p e c i f i c conductance of 49.5 ymhos i n com-' 
p a r i s o n to 47.1 pmhos at St 29 and 44.9 ymhos a t St 30 on 
the same day. The high s p e c i f i c conductance a t St 29 i s 
g r a d u a l l y d i l u t e d with i n c r e a s i n g d i s c h a r g e downstream to 
about St 19. The high c o e f f i c i e n t of v a r i a t i o n a t St 29 
means t h a t the supply of s o l u t e s from marshes above St 29 i s 
v a r i a b l e . The r a t e of d e c l i n e i n s p e c i f i c conductance from 
St 29 downstream i s correspondingly v a r i a b l e and i s r e f l e c t e d 
i n d e c l i n i n g v a l u e s f o r c o e f f i c i e n t of v a r i a t i o n from 5.9% 
at St 29 to 3.6% a t St 19. 
T h i s v a r y i n g trend i n the s p e c i f i c conductance p r o f i l e 
6n 
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C o e f f i c i e n t of v a r i a t i o n i n baseflow 
s p e c i f i c conductance at 30 sampling s i t e s 
along the N a r r a t o r Brook 
I- A 
for the upper h a l f of the Narrator Brook i s best i l l u s t r a t e d 
by the c o n t r a s t between sampling dates 13/4/76 and 14/9/76 
( f i g 7,10). Also i n c l u d e d i n f i g 7.10 as i n f i g 7.4 i s the 
p r o f i l e f o r 20/7/76 for comparative purposes. On 13/4/76 
the s p e c i f i c conductance p r o f i l e changes l i t t l e downstream 
from St 30 while on 14/9/76 s p e c i f i c conductance r i s e s from 
45.5 ymhos a t St 30 to 53.2 umhos at St 29. By St 19 the 
s p e c i f i c conductance p r o f i l e s f o r the two dates merge t o -
gether once more. T h i s a b e r r a t i o n i n the s p e c i f i c conduc-
tance p r o f i l e , caused by v a r i a t i o n s i n the s o l u t e d i s c h a r g e 
of marshes upstream of St 29, i s r e s p o n s i b l e f or the few low 
c o r r e l a t i o n c o e f f i c i e n t s i n t a b l e 7.6. The c o r r e l a t i o n be-
tween sampling dates 13/4/76 and 14/9/76, f o r example, i s 
only 0-79 (n = 30). 
The cause of v a r i a t i o n s i n the s o l u t e outflow from the 
marshes cannot be e s t a b l i s h e d from the l i m i t e d o b s e r v a t i o n s 
a v a i l a b l e . The d i f f e r e n c e i n s p e c i f i c conductance between 
St 29 and 30 v a r i e s from 0.6 to 8.5 ymhos f o r the 27 sampling 
d a t e s . These v a r i a t i o n s are not s i g n i f i c a n t l y r e l a t e d to 
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v a r i a t i o n s i n the c o n c e n t r a t i o n of sediment a t St 27 which 
i s composed l a r g e l y of humic c o l l o i d s a l s o discharged from 
marshes i n t h i s region (r = 0 . 3 2 , n = 2 7 ) . The f a c t t h a t 
h i g h e s t s p e c i f i c conductance o c c u r s a t St 29 while h i g h e s t 
sediment c o n c e n t r a t i o n i s f u r t h e r downstream a t St 27 im-
p l i e s t h a t the marshes which supply the bulk of the c o l l o i d a l 
humus are not the same as those which are r e s p o n s i b l e for 
i n c r e a s i n g the s p e c i f i c conductance of the stream. The 
d i f f e r e n c e i n s p e c i f i c conductance between S t s 2 9 and 3 0 was 
t e s t e d i n m u l t i p l e c o r r e l a t i o n a g a i n s t antecedent p r e c i p i t a -
t i o n ( A P I ^ Q ) , stage at s t a t i o n 2 9 , and season ( t a b l e 7 . 9 ) . 
S t r o n g e s t c o r r e l a t i o n i s with API^^ ( r = 0 , 7 6 , n = 2 7 ) . The 
s i g n i f i c a n c e of API^^ i s probably r e l a t e d to the r a t e of 
outflow from marshes. I n c r e a s e d outflow from marshes when 
the catchment i s wet r e i n f o r c e s t h e i r i n f l u e n c e upon stream 
c o n d u c t i v i t y . T h i s t r e n d i s opposed by changing stage a t 
St 29 which a l s o c o n t r i b u t e s s i g n i f i c a n t l y to the m u l t i p l e 
Table 7.9 R e s u l t s of m u l t i p l e r e g r e s s i o n a n a l y s i s of the 
d i f f e r e n c e i n s p e c i f i c conductance between S t s 
29 and 3 0 (data untransformed). 
DEPENDENT VARIABLE 
D i f f e r e n c e i n s p e c i f i c conductance between S t s 29 and 30. 
T o t a l 2nd Order P a r t i a l 
C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 
Independent V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 
1 Antecedent p r e c i p i t a -
t i o n (API^^^") 0.76 0.81 33.42 
2 Stream stage a t S t 29 -0.36 -0.45 9.88 
3 S e a s o n a l index -0.32 0.06 0.08 b §• o 0 
G j ft) r r tn 
fD ht (-i r -
LEVEL OF < H; 
SIGNIFICANCE 0.01 O.OOl § a c 
r 0.49 0.60 d £u b* o 
rr r CD F 7.77 f o r 1 to 7.88 f o r 3 13.88 to 14.19 < E" n- S 
tu :3 O n n 
CD 
n = 27 P e r c e n t E x p l a n a t i o n ( a i l v a r i a b l e s ) 69.8% cr 
2 5 6 
r e g r e s s i o n . When stage at St 29 r i s e s more r a p i d l y i n 
r e l a t i v e terms than outflow from bog sources t h e i r i n f l u e n c e 
becomes d i l u t e d . These two v a r i a b l e s together account f o r 
70% of the v a r i a n c e i n the d i f f e r e n c e i n s p e c i f i c conductance 
between S t s 29 and 30. Season has no s i g n i f i c a n t indepen-
dent e f f e c t . 
Outflow from marshes i n the region of the N a r r a t o r Brook 
from St 27 to St 30 not only c o n t r i b u t e s s u b s t a n t i a l l y to 
streamflow during baseflow c o n d i t i o n s but a l s o c o n t r i b u t e s 
even more s u b s t a n t i a l l y to suspended sediment and s o l u t e 
t r a n s p o r t . Unexplained f l u c t u a t i o n s i n t h i s c o n t r i b u t i o n 
have a marked e f f e c t upon the baseflow sediment c o n c e n t r a t i o n 
and s p e c i f i c conductance p r o f i l e s i n the upper reaches of 
the Narrator Brook. For these reasons t h i s phenomenon c e r -
t a i n l y warrants more d e t a i l e d r e s e a r c h . I d e a l l y t h i s would 
in v o l v e monitoring the outflow from each of the more import-
ant marshes. 
7,2 Ccmparison cf y i e l d s between sub-
catchments 
7.2.1 Suspended Sediment 
Y i e l d of sediment or s o l u t e s i s the product of concen-
t r a t i o n and r u n o f f . Due to the l i m i t a t i o n s of the d i s -
charge r a t i n g c u r v e s , determination of runoff a t the t h r e e 
gauging s i t e s along the N a r r a t o r Brook i s s u b j e c t to a 
c e r t a i n amount of i n a c c u r a c y which i s t r a n s f e r r e d to e s -
timated sediment and s o l u t e y i e l d s . Recorded depth of run-
o f f a t St 1 over the p e r i o d of o b s e r v a t i o n i s 17% l e s s than 
a t St 11 (1 312 and 1 582 mm r e s p e c t i v e l y - t a b l e 7.10). 
T h i s drop i n runoff at St 1 could perhaps i n p a r t be 
a t t r i b u t e d to higher r a t e s of i n t e r c e p t i o n and/or evapotrans-
p i r a t i o n by f o r e s t cover i n comparison to g r a s s l a n d or moor-
land. However, there i s strong evidence to suggest t h a t 
t h e r e i s seepage of water from the channel i n the f o r e s t s e c -
t i o n of the stream i n t o the u n d e r l y i n g growan. 
On the 8th of J u l y 1976 during low baseflow and on the 
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Table 7.10 Outputs from thre e nested sub-catchments of the 
Narrator Brook for the period 26/5/75-13/12/76. 
Sub-catchment: above: St 21 St U S t 1 
Drainage a r e a (:<in= ) 2.56 3.67 4.68 
Mean slope (°) 5.8 7.6 8.0 
Drainage d e n s i t y (Km/Km^) 0.89 1 .50 2.06 
Moorland/stagnopodsol (%) 99.0 81.7 69.8 
Grassland/brown e a r t h (%) 1 .0 16.4 18.7 
Forest/brown e a r t h (%) 0 1.9 11.5 
T o t a l r u n o f f (mm) 1420 1582 1312 
Baseflow r u n o f f (mm) 1148 1331 1150 
Quickflow r u n o f f (ram) 272 251 162 
Suspended sediment ( t ) 5.2 19.0 18.8 
d i s c h a r g e Ct/Km^) 3.32 5.17 4.02 
S o l u t e d i s c h a r g e (t ) 81 215 257 
it/Km' ) 51.9 58.5 54.9 
Bedload d i s c h a r g e (t ) - - 0.43 
(t/Km') - - 0.09 
12th of October 1976 'during high baseflow, stream d i s c h a r g e 
was measured a t 8 s i t e s along the Narrator Brook, These 
s i t e s are a t or near S t s 28, 24, 21, 16, 13, 11, 7 and 1 
( f i g 2.9). Downstream baseflow d i s c h a r g e p r o f i l e s on 
8/7/76 and 12/10/76 are broadly s i m i l a r i n form even though 
d i s c h a r g e s on 12/10/76 were much g r e a t e r than on 8/7/76 
( f i g 7.11). On both dates d i s c h a r g e d i s p l a y s a d e c l i n i n g 
trend through the f o r e s t . On the 8th J u l y d i s c h a r g e near 
St 7 was 48 l/s compared with only 44 i/s at St 1. On the 
12th October, d i s c h a r g e near St 7 and St 1 were 219 l/s and 
182 Z/s r e s p e c t i v e l y . T h i s r e p r e s e n t s , i n the case of 
12/10/76, for example, a seepage l o s s of a t l e a s t 133 mVhr 
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3500 
from the channel between S t s 7 and 1, or an average r a t e of 
52 mm/hr over the 2 560 m^  of channel f l o o r between these 
s t a t i o n s . Comparative downstream d i s c h a r g e p r o f i l e s f o r 
f l o o d p e r i o d s could not be obtained s i n c e d i s c h a r g e measure-
ments at the 8 s i t e s takes a t l e a s t 6 hours to complete and 
changes i n stream stage during t h i s time would prevent i n t e r -
s i t e comparisons. Quickflow runoff recorded a t S t s 11 and 1, 
however, can be d i r e c t l y compared. For 31 of the 37 major 
fl o o d events which oc c u r r e d during the p e r i o d of o b s e r v a t i o n 
q u i c k f l o w runoff at St 11 exceeds t h a t a t St 1,^ For 
example, for an event which took p l a c e on the 5th to 7th of 
October 1976 116 951 m^  of q u i c k f l o w runoff was recorded a t 
St 11 i n comparison to only 87 316 m^  a t St 1 r e p r e s e n t i n g 
a l o s s of a t l e a s t 29 635 m^  of q u i c k f l o w by seepage. 
Seepage i n the f o r e s t s e c t i o n of the Narrator Brook may have 
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been enhanced to some degree by a c c e l e r a t e d bank e r o s i o n i n 
t h i s s e c t i o n . A c c e l e r a t e d bank e r o s i o n has i n c r e a s e d the 
channel f l o o r area between S t s 1 and 11 from a probable 
I 925 m^  before a f f o r e s t a t i o n to 3 858 m^  a t p r e s e n t . 
T o t a l measured runoff a t St 11 during the p e r i o d of observa-
t i o n i s a l s o g r e a t e r than a t St 21 (1 582 mm and 1 420 mm 
r e s p e c t i v e l y ) . The reason f o r t h i s i s not immediately 
apparent. The d i f f e r e n c e may be l a r g e l y accounted f o r by 
e r r o r s i n e s t i m a t i o n of runoff i n c u r r e d by e x t r a p o l a t i o n of 
d i s c h a r g e r a t i n g c u r v e s . 
Measured u n i t area sediment y i e l d s a t S t s 21, 11 and 1 
are 3.3, 5.2 and 4.0 t/km^ for the p e r i o d of observa-
t i o n . Although these d i f f e r e n c e s a r e s m a l l they exceed 
d i f f e r e n c e s i n recorded runoff and thus probably r e p r e s e n t 
a r e a l d i s p a r i t y i n sediment production between the t h r e e 
sub-catchments of the Narrator Brook. Unit a r e a sediment 
y i e l d i s lowest f o r the catchment area above St 21 which 
c o n s i s t s of 99% moorland. At St 11 u n i t a r e a sediment 
y i e l d i s 1.9 t/km^ (58%) g r e a t e r , even though the catchment 
area above St 11 c o n t a i n s 16% g r a s s l a n d . S o i l w e l l obser-
v a t i o n s i n d i c a t e t h a t overland flow i s more frequent on 
moorland than on g r a s s l a n d . However, mean slope for the 
catchment a r e a above St 11 i s g r e a t e r than f o r catchment 
area above St 21 (7.6° and 5.8*^ r e s p e c t i v e l y ) and t h i s may 
promote a higher r a t e of sediment production per u n i t a r e a 
of catchment s l o p e s . I n a d d i t i o n there are s e v e r a l s p e c i f i c 
sources of sediment i n the catchment a r e a between S t s 21 and 
I I which may help to account for the r e l a t i v e l y l a r g e s e d i -
ment y i e l d a t St 11. There are 100 m of eroding banks be-
tween S t s 21 and 11 but no eroding banks above St 21 ( f i g 
2.11). There i s an abundance of f i n e sandy bed m a t e r i a l i n 
the low g r a d i e n t s e c t i o n between S t s 13 and 11 which may 
c o n t r i b u t e to suspended sediment t r a n s p o r t a t St 11. Above 
St 21 the channel i s steeper and bed m a t e r i a l ranges from 
coarse g r a v e l to boulders. Between S t s 11 and 21 t h e r e are 
7 c a t t l e c r o s s i n g p o i n t s which may c o n t r i b u t e sediment 
during heavy r a i n i n comparison to only 2 above St 21 ( f i g 
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2.9). During wet period s a s p r i n g r i s e s i n the farmyard 
of Deancombe Farm and f l u s h e s sediment out of the farmyard 
v i a the Deancombe Brook i n t o the Nar r a t o r Brook, 
The d i s c h a r g e of suspended sediment p a s s i n g St 1 over 
the period of o b s e r v a t i o n (18.8 t ) i s m a r g i n a l l y l e s s than 
t h a t p a s s i n g St 11 (19.0 t ) , c a u s i n g a drop i n c a l c u l a t e d 
u n i t area y i e l d from 5.2 t/km' a t S t 11 to 4.0 t/km= a t St 1. 
T h i s i s d e s p i t e the widespread bank e r o s i o n along the main 
channel between S t s 11 and 1 and a l s o the drainage d i t c h e s 
and land r o v e r t r a c k s i n the f o r e s t which undoubtedly supply 
some sediment. T h i s can perhaps be e x p l a i n e d to some ex-
tent by d e p o s i t i o n of sediment i n the channel between S t s 
11 and 1. E r o s i o n pin o b s e r v a t i o n s r e v e a l t h a t r a t e s of 
aggradation i n the f o r e s t s e c t i o n between S t s 1 and 11 are 
s i g n i f i c a n t l y higher than along the remainder of the stream. 
N e v e r t h e l e s s the r e l a t i v e l y low sediment y i e l d a t St 1 
suggests t h a t sediment production from the f o r e s t e d region of 
the Narrator catchment i s not much g r e a t e r than from other 
regions of the catchment. These r e s u l t s c o n t r a s t very 
s h a r p l y with r e s u l t s of a study by P a i n t e r e t a l (1974) i n a 
moorland catchment i n Mid-Wales, which l i k e the Nar r a t o r 
catchment has been p a r t i a l l y a f f o r e s t e d . They found y i e l d 
from the f o r e s t area to be c o n s i d e r a b l y g r e a t e r than from 
moorland a r e a s and t h i s they a t t r i b u t e to a c c e l e r a t e d channel 
e r o s i o n i n the f o r e s t area.. Although a f f o r e s t a t i o n has a l s o 
been r e s p o n s i b l e f or a c c e l e r a t e d channel e r o s i o n i n the 
Narrator Brook, evidence i n d i c a t e s t h a t t h i s i s d e c l i n i n g as 
channel readjustment nears completion. E r o s i o n pin observa-
t i o n s and a n a l y s i s of channel geometry i n d i c a t e that con-
temporary r a t e of bank e r o s i o n i n the f o r e s t i s i n f e r i o r to 
the mean r a t e over the period s i n c e a f f o r e s t a t i o n . Channel 
readjustment i n the Mid-Wales catchment s t u d i e d by P a i n t e r 
e t a l (1 974) may not be as f a r advanced as the Narrator Brook. 
7.2.2 Solutes 
Unit a r e a s o l u t e y i e l d s a t S t s 21, 11 and 1 f o r the 
period of o b s e r v a t i o n d i f f e r l e s s i n r e l a t i v e terms than 
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suspended sediment y i e l d s ( t a b l e 7.10). Values at the 
t h r e e s i t e s are 51.9, 58.5 and 54,9 t/km^ r e s p e c t i v e l y . 
These d i f f e r e n c e s between S t s 21, 11 and 1 correspond c l o s e l y 
to d i f f e r e n c e s i n runoff for the t h r e e gauging s t a t i o n s . 
T h i s means t h a t d i s p a r i t i e s i n s o l u t e production between the 
three sub-catchments i n the N a r r a t o r catchment are very 
s m a l l . S o l u t e y i e l d a t St 11 i s 12.7% g r e a t e r than s o l u t e 
y i e l d a t St 21, but t h i s i s almost e n t i r e l y accounted f o r by 
an 11,4% i n c r e a s e i n estimated r u n o f f a t St 11. Runoff a t 
St 1, on the other hand, i s 17,1% l e s s than a t S t 11 w h i l e 
s o l u t e y i e l d i s only 6,2% l e s s . T h i s suggests t h a t produc-
t i o n of s o l u t e s per u n i t a r e a i s g r e a t e r i n the f o r e s t e d 
region of the catchment than i n the moorland or g r a s s -
land r e g i o n s . T h i s could be due to the e f f e c t of f o r e s t 
i n c r e a s i n g r a t e s of rock weathering. A l t e r n a t i v e l y the 
f o r e s t may be responsible, f o r l o c a l l y enhancing atmospheric 
f a l l o u t . 
The r e l a t i v e l y s m a l l d i f f e r e n c e s i n s o l u t e y i e l d be-
tween sub-catchments i n the N a r r a t o r Brook, d e s p i t e the con-
t r a s t s i n v e g e t a t i o n , s o i l and topography between the sub-
catchments, supports the c o n c l u s i o n s reached by M i l l e r ( 1 9 6 1 ) 
and Walling & Webb (1975) t h a t rock type i s the predomi-
nant c o n t r o l governing s p a t i a l v a r i a t i o n s i n s o l u t e y i e l d . 
7,3 S p a t i a l Models 
S e v e r a l attempts have been made to model observed 
s p a t i a l v a r i a t i o n s i n both sediment and s o l u t e y i e l d s with 
the aim of p r e d i c t i n g y i e l d s from ungauged catchments. These 
models take the form of m u l t i p l e r e g r e s s i o n equations which 
in c l u d e an assortment of c l i m a t i c , g e o l o g i c a l , p h y s i o g r a p h i c , 
v e g e t a t i o n a l and p e d o l o g i c a l v a r i a b l e s . A major o b s t a c l e 
encountered i n such attempts i s s u c c e s s f u l q u a n t i f i c a t i o n of 
the c o n t r o l l i n g f a c t o r s . T h i s i s l e s s of a problem with 
r e s p e c t to physiography and c l i m a t e because the i n f l u e n c e of 
these two f a c t o r s upon sediment and s o l u t e y i e l d s i s r e l a -
t i v e l y w e l l d e f i n e d . For t h i s reason c l i m a t i c and p h y s i o -
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graphic v a r i a b l e s are the most f r e q u e n t l y employed i n r e -
g r e s s i o n equations, although these two f a c t o r s are not 
n e c e s s a r i l y the most important. Q u a n t i f i c a t i o n of geology, 
v e g e t a t i o n and s o i l poses a f a r more acute problem. The 
r e l a t i o n s h i p s of sediment and s o l u t e y i e l d s to these f a c t o r s 
are more s u b t l e and l e s s thoroughly understood. For example, 
the p r o t e c t i o n a f f o r d e d the s o i l by v e g e t a t i o n i s complex 
and many sided from enhancement of s u r f a c e i n f i l t r a t i o n to 
d i s p e r s i o n of r a i n f a l l energy and consequently i s v i r t u a l l y 
impossible to index e f f e c t i v e l y i n terms of measurable vege-
t a t i o n c h a r a c t e r i s t i c s (Stocking & E l w e l l 1976). 
Another problem a r i s e s from the hete r o g e n e i t y of stream 
catchments with r e s p e c t to one or more of the environmental 
f a c t o r s which i n f l u e n c e sediment and s o l u t e y i e l d s . Even 
over very s m a l l catchments slope angles and slope l e n g t h s 
may vary c o n s i d e r a b l y . I n l a r g e r catchments s p a t i a l v a r i a -
t i o n s i n v e g e t a t i o n c h a r a c t e r i s t i c s can be expected and i n 
s t i l l l a r g e r catchments p r e c i p i t a t i o n c h a r a c t e r i s t i c s and 
other c l i m a t i c c h a r a c t e r i s t i c s a l s o .vary s p a t i a l l y to a s i g -
n i f i c a n t degree. Lumped mean catchment v a l u e s f or p h y s i o -
graphy and other f a c t o r s have to be used i n the r e g r e s s i o n 
models. Sediment and s o l u t e s t r a n s p o r t e d by streams may be 
d e r i v e d from a r e l a t i v e l y l o c a l i s e d r e gions of the catchment. 
Research by Kir b y & Chorley (1967), Betson & Marius (1969), 
Dunne & Black (1970) and o t h e r s i n d i c a t e s t h a t , i n humid 
c l i m a t e s a t l e a s t , the s u r f a c e runoff which i s r e s p o n s i b l e 
for t r a n s p o r t i n g sediment from catchment s l o p e s to the stream 
channel i s not d i s t r i b u t e d evenly over stream catchments but 
i s r e s t r i c t e d to c e r t a i n favoured l o c a t i o n s . Consequently 
mean catchment v a l u e s f or ph y s i o g r a p h i c and other f a c t o r s 
may be e n t i r e l y u n r e p r e s e n t a t i v e of those r e g i o n s of the 
catchment a c t u a l l y producing sediment and s o l u t e s f o r stream 
t r a n s p o r t . 
The wide range i n the number and type of independent 
v a r i a b l e s used i n the r e g r e s s i o n equations l i s t e d i n t a b l e 
7.11 i s symptomatic of the c o m p l e x i t i e s i n v o l v e d in sediment 
and s o l u t e y i e l d p r e d i c t i o n , and the l a c k of consensus r e -
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Table 7.11 Regression equations for p r e d i c t i o n of sediment 
and s o l u t e y i e l d s from ungauged catchments 
a p p l i e d to the Narrator catchment. (Actual 
annual y i e l d s of sediment and s o l u t e s from the 
Narrator catchment are approximately 4 and 40 
t/km^ r e s p e c t i v e l y ) . 
Sediment Y i e l d 
P r e d i c t e d Y i e l d 
f o r N a r r a t o r 
Intended catchment 
Source A p p l i c a b i l i t y ( t / k m V y r ) 
lo g SS=2.65 log P + 0.46 
MR' , _^ log — - 1 . d 6 A a 
F o u r n i e r 
1960 
World 4035 
log SS^=1.124 log P +1.733 ^ , ^ ^ 
b Douglas E a s t e r n 
log B-1.107 1973 A u s t r a l i a 62 
log SS^=1.0207 log Q + 
2.0678 
Fleming 
1965 World 129 
log SS =1.125 log A +0.585 ^ 
a R ^ Jansen & 
log H+1.104 log L + 3.056 P a i n t e r 
log P-3.053 V-3.055 1974 World 34 
log SS =0.5532 log S-0.5859 
log A^ + 0.8332 log CL + . 
1.3788 
McPherson 
1975 
A l b e r t a , 
Canada 39 
S o l u t e Y i e l d 
DS=8.2495 S-1.503 3D + 
15.5397 
McPherson A l b e r t a , 
1975 Canada 30 
Symbo; U n i t s E x p l a n a t i o n 
SS 
a 
t/km=/yr Y i e l d of suspended s o l i d s 
m' /kmVyr Y i e l d of suspended s o l i d s 
SS 
c 
t / y r Y i e l d o f suspended s o l i d s 
tons/mi'/yr Y i e l d o f suspended s o l i d s 
DS tons/mi*/yr Y i e l d of d i s s o l v e d s o l i d s 
P mm Mean p r e c i p i t a t i o n f o r 
w e t t e s t month 
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Value f o r N a r r a t o r 
catchment 
188 
Table 7.11 Continued 
Symbol U n i t s E x p l a n a t i o n Value f or N a r r a t o r 
Catchment 
P mm Mean annual p r e c i p i t a t i o n 1568 
MR m Mean r e l i e f ( d i f f e r e n c e be-
tween mean a l t i t u d e and m i n i -
mum a l t i t u d e ) 113 
A km^  Drainage a r e a 4.68 a 
mi^ Drainage a r e a 1.81 
B Mean b i f u r c a t i o n r a t i o 3.55 
Q c u s e c s Mean annual d i s c h a r g e 5.0 
H m Mean a l t i t u d e 334 
R m R e l i e f ( d i f f e r e n c e be-
tween maximum and m i n i -
mum a l t i t u d e ) 233 
L km Drainage b a s i n l e n g t h 3.17 
V - V e g e t a t i o n i n d e x ( f o r e s t - 4 ; 
g r a s s l a n d - 3 ) 3.1 
S ° Mean slo p e 7.95 
CL mi Main channel l e n g t h 2.16 
BD mi Drainage b a s i n diameter 2.00 
a One of four s e p a r a t e e q u a t i o n s f o r d i f f e r e n t v e g e t a t i o n c a t e g o r i e s 
b One of f i v e s e p a r a t e e q u a t i o n s f o r d i f f e r e n t c l i m a t e and r e l i e f 
c a t e g o r i e s . 
garding the most important c o n t r o l s r e f l e c t s the s t a t e of 
the a r t . According to Slaymaker & McPherson (1973), as a 
r e s u l t of these problems p r e d i c t i v e equations are not 
s u f f i c i e n t l y robust to be a p p l i e d beyond the group of c a t c h -
ments upon which they are based. F i v e r e g r e s s i o n equations 
which appear i n the l i t e r a t u r e f o r p r e d i c t i o n of sediment 
y i e l d were a p p l i e d to the Narrator catchment i n order to 
compare p r e d i c t e d y i e l d s with a c t u a l y i e l d ( t a b l e 7.11), Pre 
d i e t e d sediment y i e l d s f o r the Nar r a t o r catchment vary over 
two o r d e r s of magnitude from 4 035 t/km^/yr with F o u r n i e r ' s 
(1960) equation to 34 t/km^/yr using Jansen & P a i n t e r *s(1 974) 
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equation. None come c l o s e to the valu e of 4 t/km^ d i s -
charged from the Narrator catchment over the period of ob-
s e r v a t i o n which i t s e l f i s probably an overestimate of a c t u a l 
contemporary mean annual sediment y i e l d . 
P r e d i c t i v e equations f o r s o l u t e y i e l d are f a r l e s s 
common than sediment y i e l d . T h i s i s because rock type, 
which i s the major f a c t o r determining s p a t i a l v a r i a t i o n s i n 
s o l u t e y i e l d , i s d i f f i c u l t to q u a n t i f y e f f e c t i v e l y . The 
only equation to p r e d i c t s o l u t e y i e l d which the pre s e n t 
author has come a c r o s s i s t h a t of McPherson (1975) which does 
not i n c l u d e rock type among the independent v a r i a b l e s 
( t a b l e 7.11). Although, the p r e d i c t e d y i e l d of s o l u t e s form 
McPherson *s (1 975) equation a t 30 t/kmVyr i s c l o s e to the 
probable mean annual y i e l d from the N a r r a t o r catchment of 
around 40 t/km^/yr t h i s does not i n s p i r e any r e a l confidence 
i n the value of p r e d i c t i v e equations i n g e n e r a l . 
U n t i l a deeper understanding of the s p a t i a l v a r i a t i o n s 
in sediment and s o l u t e y i e l d s i s achieved, r e l i a n c e must be 
placed upon r e s u l t s from r e p r e s e n t a t i v e catchments. A l -
though the Narrator catchment i s f a i r l y r e p r e s e n t a t i v e of 
the Dartmoor environment i t cannot be expected t h a t sediment 
and s o l u t e y i e l d s from the Narrator catchment w i l l p r e c i s e l y 
match those of a l l other catchments on Dartmoor. Neverthe-
l e s s , there can be l i t t l e doubt t h a t y i e l d s from the 
Narrator catchment w i l l provide a b e t t e r approximation of 
y i e l d s from ungauged catchments on Dartmoor than any a v a i l -
able p r e d i c t i v e e q u a t i o n s . 
2 6 6 
CHAPTER 8 
SUMJ4ARY AND CONCLUSIONS 
8,1 Sediment and s o l u t e sources 
I n order to determine supply of sediment from channel 
banks, an attempt was made to measure r a t e of bank e r o s i o n by 
the use of e r o s i o n p i n s . R e s u l t s show t h a t during the p e r i o d 
of o b s e r v a t i o n 14.1 t of sediment was s u p p l i e d by bank e r o s i o n 
along the main channel of the Narrator Brook which i s 3.46 Km 
i n l e n g th. The g r e a t e r p a r t of the sediment s u p p l i e d (11.9 t 
or 34.4% of the t o t a l ) o r i g i n a t e d from the lower s e c t i o n of the 
Narrator Brook which p a s s e s through c o n i f e r o u s f o r e s t p l a n t a -
t i o n . T h i s s e c t i o n , which i s 1 Km i n length, appears to be 
undergoing a c c e l e r a t e d bank e r o s i o n as a d i r e c t r e s u l t of 
a f f o r e s t a t i o n . Supply of sediment from channel banks i n the 
f o r e s t s e c t i o n of the Narrator Brook i s e q u i v a l e n t to 62% of 
t o t a l sediment exported from the N a r r a t o r catchment. T h i s i s 
l i k e l y to be an overestimate of the c o n t r i b u t i o n to sediment 
t r a n s p o r t from bank e r o s i o n because no allov/ance i s made f o r 
storage of sediment i n the channel. The proportion of eroded 
sediment s t o r e d probably i n c r e a s e s with i n c r e a s i n g p a r t i c l e 
s i z e . The percentage of p a r t i c l e s l a r g e r than 75p i n bank 
m a t e r i a l along the f o r e s t s e c t i o n of the Narrator Brook i s 
51%, based upon a n a l y s i s of 10 samples. T h i s means t h a t 
around 6 t of sediment l a r g e r than 75vi was s u p p l i e d from 
eroding banks i n the f o r e s t s e c t i o n of the Narrator Brook 
during'the p e r i o d of o b s e r v a t i o n . • Export of sediment l a r g e r 
than 1 mm i n s i z e from the Narrator catchment,during t h i s 
p e r i o d , however, i s only 5.8 t (5.4 t i n suspension and 0.4 t 
as bedload), Storage of coarse sediment on the stream bed 
in the f o r e s t s e c t i o n i s evidenced by aggradation during, the 
period of o b s e r v a t i o n averaging about 2.4 cm over the s e c t i o n 
as a whole. 
In a d d i t i o n to comparing contemporary r a t e of bank e r o s i o n 
with contemporary sediment t r a n s p o r t , an a l t e r n a t i v e method of 
a s s e s s i n g the c o n t r i b u t i o n of sediment from eroding banks i n 
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the f o r e s t s e c t i o n of the N a r r a t o r Brook i s by comparing 
long term erosion r a t e w i t h long term sediment t r a n s p o r t . 
E x t r a p o l a t i o n of the r e l a t i o n between b a n k f u l width and 
drainage area f o r the channel above the f o r e s t i n d i c a t e s 
t h a t mean channel w i d t h i n the f o r e s t s e c t i o n p r i o r t o 
a f f o r e s t a t i o n averaged 2 .5 m i n comparison t o 3.4 m a t 
present. Channel widening has t h e r e f o r e i n v o l v e d an 
average annual supply of sediment i n the reg i o n of 35 t / y r . 
This i s gr e a t e r than supply d u r i n g the p e r i o d of ob s e r v a t i o n 
suggesting t h a t supply from t h i s source i s d e c l i n i n g . Mean 
annual t r a n s p o r t of f i n e sediment (< 75vi) from the N a r r a t o r 
catchment, estimated from r e s e r v o i r sedimentation over a 
50 year p e r i o d , i s 109 t / y r . Since t h i s i s gr e a t e r than 
t r a n s p o r t of f i n e sediment d u r i n g the p e r i o d of ob s e r v a t i o n 
{13.4 t ) . , t r a n s p o r t of f i n e s appears t o be d e c l i n i n g . I f 
i t i s assumed (based upon a n a l y s i s of 10 samples) t h a t about 
50% of eroding bank m a t e r i a l i s f i n e r than 75u then mean 
annual supply of f i n e sediment from bank ero s i o n i n the 
f o r e s t s e c t i o n of the Narra t o r Brook- i s only about 20% of 
t o t a l f i n e sediment t r a n s p o r t e d . The o v e r a l l c o n c l u s i o n , 
t h e r e f o r e , from measurements of both contemporary and long 
term r a t e s of bank erosion i n the f o r e s t s e c t i o n of the 
Nar r a t o r Brook, i s t h a t although t h i s may form a major 
source of coarse sediment exported from the Narra t o r c a t c h -
ment i t i s only a r e l a t i v e l y minor source of f i n e sediment. 
Another p o s s i b l e source of f i n e sediment i s sheet 
erosion of catchment slopes. Supply of sediment from t h i s 
source was not measured d i r e c t l y . S o i l w e l l o b s e r v a t i o n s , 
however, i n d i c a t e t h a t s a t u r a t i o n overland f l o w i n moorland 
regions of the catchment, which account f o r 68% of t o t a l 
catchment area, i s both frequent and widespread. S a t u r a t i o n 
overland f l o w was recorded on a t l e a s t one occasion a t 9 
of the 11 s i t e s l o c a t e d i n the moorland r e g i o n of the c a t c h -
ment. Overland f l o w from moorland regions enters the 
channel network of the Narra t o r Brook v i a the North Fork, 
South Fork, Yellowmead Brook and Sheepstor Beck, and thus 
provides a v e h i c l e f o r t r a n s p o r t i n g f i n e sediment eroded 
from catchment slopes t o the stream channel. S a t u r a t i o n 
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overland f l o w was not observed a t any of the 9 s i t e s l o c a t e d 
i n the grassland and f o r e s t regions of the catchment. How-
ever, s a t u r a t i o n t o w i t h i n 20 cm of the surface occurred a t 
6 s i t e s and s a t u r a t i o n overland f l o w probably does occur i n 
l o c a l i z e d areas where c o n d i t i o n s are fav o u r a b l e . Overland 
fl o w also occurs w i t h o u t s a t u r a t i o n t o the surface on l a n d -
rover t r a c k s and also i n l o c a l i t i e s where surface i n f i l t r a -
t i o n has beeii reduced by heavy t r a m p l i n g . 
Other p o s s i b l e important sources o f sediment i n c l u d e 
ephemeral channels, Landrover t r a c k s which discharge storm 
water i n t o stream channels, and c a t t l e c r o s s i n g p o i n t s along 
the N a r r a t o r Brook and i t s t r i b u t a r i e s . 
The two sources f o r stream s o l u t e s i n the N a r r a t o r 
catchment are rock weathering and atmospheric f a l l o u t . The 
r e l a t i v e c o n t r i b u t i o n of these two was determined by com-
par i s o n of the chemical compositions of stream water, bulk 
f a l l o u t and Dartmoor G r a n i t e . C h l o r i d e , sulphate, b i c a r b o -
nate and n i t r a t e , which t o g e t h e r account f o r 51% of t o t a l 
s o l u t e s , are very r a r e i n Dartmoor Granite and hence are 
supplied almost e x c l u s i v e l y by atmospheric f a l l o u t . Con-
v e r s e l y , s i l i c a and i r o n , which t o g e t h e r account f o r 15.7% 
of t o t a l stream s o l u t e s , are very r a r e i n bulk f a l l o u t and 
hence are supplied almost e x c l u s i v e l y by weathering of Dart-
moor G r a n i t e . Sodium, magnesium, calcium and potassium are 
supplied from both sources. While sodium and magnesium are 
supp l i e d mainly from atmospheric f a l l o u t (71% and 70% respec-
t i v e l y ) , calcium and potassium are s u p p l i e d mainly from rock 
weathering (68% and 67% r e s p e c t i v e l y ) . O v e r a l l , 70,1% of 
t o t a l stream s o l u t e s can be a t t r i b u t e d t o atmospheric f a l l o u t 
Stream s o l u t e s supplied from the atmosphere i n the 
Narr a t o r catchment o r i g i n a t e mainly from sea spray. Sodium 
and c h l o r i d e , the major ions i n sea-water, together account 
f o r 77.7% of t o t a l s o l u t e s i n bulk atmospheric f a l l o u t . How-
ever^ sea spray i s not the only source. Calcium and po-
tassium comprise l a r g e r p r o p o r t i o n s i n p r e c i p i t a t i o n than i n 
sea-water. The a d d i t i o n a l supply of these ions i s probably 
from wind blown s o i l p a r t i c l e s . Sulphate also comprises a 
l a r g e r p r o p o r t i o n i n bulk f a l l o u t than i n sea-water. This 
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may be a t t r i b u t a b l e t o atmospheric p o l l u t i o n . 
The predominance of the atmosphere as a source of 
s o l u t e s i n the N a r r a t o r catchment i s not unexpected i n view 
of i t s l o c a t i o n i n a highland region close t o a windward 
coast. For catchments i n t h i s s i t u a t i o n accurate e s t i m a t i o n 
of the atmospheric c o n t r i b u t i o n t o stream s o l u t e s i s c r i t i c a l 
f o r o b t a i n i n g r e l i a b l e r a t e s of chemical denudation. This 
can only be achieved by m o n i t o r i n g bulk f a l l o u t . S u b t r a c t -
ing sodium and c h l o r i d e from t o t a l stream s o l u t e s t o c a l c u -
l a t e chemical denudation i n the manner of W a l l i n g & Webb 
(1978) i s inadequate f o r the N a r r a t o r catchment. 
8.2 Temporal v a r i a t i o n s i n sedi.ment and 
s o l u t e t r a n s p o r t 
Rate of t r a n s p o r t of bed m a t e r i a l i s governed by stream 
power which can be c o n v e n i e n t l y represented by stream d i s -
charge. Temporal v a r i a t i o n s i n bedload t r a n s p o r t by the 
N a r r a t o r Brook were s u c c e s s f u l l y d e f i n e d (83% e x p l a n a t i o n of 
observed variance) on the basis" of a. simple r a t i n g curve. 
The r e l a t i o n of bedload t r a n s p o r t (Y) t o peak discharge {X) 
i s given by: 
Log^Y = 0.00026 (Log^X)^ - 2.01 
No t h r e s h o l d s i n bedload t r a n s p o r t are apparent i n the 
N a r r a t o r Brook; t r a n s p o r t continues d u r i n g baseflow a l -
though r a t e of t r a n s p o r t a t these times i s very slow. 
P a r t i c l e s i n suspension l a r g e r than around 300u i n size 
are d e r i v e d l a r g e l y from bed m a t e r i a l . As i n the case of 
bedload, t r a n s p o r t of bed m a t e r i a l i n suspension i s governed 
by stream power and i s c l o s e l y r e l a t e d t o stream discharge. 
However, p a r t i c l e s l a r g e r than 300^ account f o r only 7.7% of 
t o t a l suspended sediment t r a n s p o r t e d by the N a r r a t o r Brook. 
Stream discharge provides r e l a t i v e l y l i t t l e e x p l a n a t i o n 
of variance i n t o t a l suspended sediment c o n c e n t r a t i o n s . 
Suspended sediment c o n c e n t r a t i o n s are higher on the r i s i n g 
stage of f l o o d events a t a given discharge than on the f a l l -
ing stage. Sediment c o n c e n t r a t i o n s are also higher i n 
summer f o r a given discharge than i n w i n t e r . Separation of 
2 70 
sediment c o n c e n t r a t i o n data according t o season and stage 
of the hydrograph improves the r e l a t i o n between sediment 
c o n c e n t r a t i o n and discharge t o some ex t e n t but the r a t i n g 
curve approach cannot be considered adequate f o r p r e d i c t i n g 
r a t e s of suspended sediment t r a n s p o r t i n the Na r r a t o r Brook. 
The heterogeneity of sources f o r suspended sediment i n the 
Narrat o r catchment n e c e s s i t a t e s a m u l t i v a r i a t e approach t o 
t h i s problem. 
The p r i n c i p l e c o n t r o l t o emerge from m u l t i v a r i a t e 
a n a l y s i s of mean discharge weighted sediment c o n c e n t r a t i o n 
of q u i c k f l o w at a l l three gauging s i t e s on the N a r r a t o r Brook 
i s maximum two hour p r e c i p i t a t i o n . This f a c t o r e x p l a i n s 
59%, 48% and 35% of variance i n mean q u i c k f l o w c o n c e n t r a t i o n 
a t Sts 1, 11 and 21 r e s p e c t i v e l y . I n c o n t r a s t peak d i s -
charge ex p l a i n s only 0.5%, 0.5% and 2.9% of variance i n mean 
q u i c k f l o w sediment c o n c e n t r a t i o n a t Sts 1, 11 and 21 respec-
t i v e l y . This i s c l e a r evidence t h a t the major source of 
suspended sediment t r a n s p o r t e d by the N a r r a t o r Brook i s from 
above stream water l e v e l r a t h e r than, below i t . P r e c i p i t a -
t i o n i n t e n s i t y determines the e r o s i v i t y of p r e c i p i t a t i o n 
a c t i n g upon catchment slopes, dry channels, and channel 
banks exposed above stream l e v e l . 
A subordinate c o n t r o l of mean q u i c k f l o w sediment con-
c e n t r a t i o n a t St 1 i s antecedent baseflow discharge. This 
parameter i s g e n e r a l l y employed i n st u d i e s of stream s e d i -
ment dynamics as an index of catchment wetness and i t s s i g -
n i f i c a n c e i s i n t e r p r e t e d i n terms of supply of sediment from 
catchment slopes. I n the Na r r a t o r catchment antecedent pre-
c i p i t a t i o n , which i s a more s e n s i t i v e measure of catchment 
wetness, i s outweighed by antecedent baseflow discharge i n 
m u l t i p l e regression a n a l y s i s of f l o o d p e r i o d sediment con-
c e n t r a t i o n s . This suggests t h a t the s i g n i f i c a n c e of ante-
cedent baseflow discharge i n the Na r r a t o r catchment i s r e -
l a t e d i n p a r t , a t l e a s t , t o the supply of sediment from 
channel banks. At a lower antecedent baseflow discharge a 
gr e a t e r area of stream bank i s submerged f o r a given i n c r e -
ment of discharge over the f l o o d event. A m u l t i p l e r e -
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gression equation i n c l u d i n g p r e c i p i t a t i o n i n t e n s i t y (X^) and 
antecedent baseflow discharge (X2) can p r e d i c t mean q u i c k f l o w 
c o n c e n t r a t i o n a t St 1 (Y) w i t h i n - 0.986 l o g ^ u n i t s w i t h 95% 
confidence. 
Log^Y = 2.81 + 1.11 Log^X. - 0.48 Log^X e e I e ^ 
This equation can be used t o determine mean annual sediment 
y i e l d from the Na r r a t o r catchment as a whole by reference t o 
long term p r e c i p i t a t i o n and f l o w records f o r the catchment. 
At Sts 11 and 21 antecedent baseflow discharge f a i l s t o 
c o n t r i b u t e s i g n i f i c a n t l y t o e x p l a n a t i o n of variance i n mean 
q u i c k f l o w sediment c o n c e n t r a t i o n ; maximum two hour p r e c i p i -
t a t i o n i s the only s i g n i f i c a n t c o n t r o l . This may s i g n i f y 
t h a t supply of sediment from bank ero s i o n i s concentrated 
between Sts 11 and 1 i n the f o r e s t s e c t i o n of the N a r r a t o r 
Brook. This supports the r e s u l t s of bank erosion p i n ob-
ser v a t i o n s and a n a l y s i s of downstream v a r i a t i o n s i n channel 
w i d t h . 
The mean discharge weighted s p e c i f i c conductance of 
q u i c k f l o w i n the N a r r a t o r Brook i s not as v a r i a b l e as mean 
sediment c o n c e n t r a t i o n of q u i c k f l o w . However^variations i n 
mean q u i c k f l o w s p e c i f i c conductance are more d i f f i c u l t t o 
account f o r . Although atmospheric f a l l o u t i s the major 
source of s o l u t e t r a n s p o r t , there i s no s i g n i f i c a n t 
c o r r e l a t i o n between the mean s p e c i f i c conductance of q u i c k -
f l o w and the s p e c i f i c conductance of the p r e c i p i t a t i o n which 
generates the q u i c k f l o w . This i s because the catchment acts 
as a b u f f e r absorbing l a r g e v a r i a t i o n s i n the s p e c i f i c con-
ductance of p r e c i p i t a t i o n and m a i n t a i n i n g the s p e c i f i c con-
ductance of stream water at near constant l e v e l s . For 14 of 
the 37 major f l o o d events which occurred d u r i n g the p e r i o d 
of o b s e r v a t i o n , mean q u i c k f l o w s p e c i f i c conductance does not 
d i f f e r s i g n i f i c a n t l y from the normal baseflow value of 
55.5 umhos. For 7 small f l o o d events f o l l o w i n g dry periods 
mean q u i c k f l o w s p e c i f i c conductance exceeds the baseflow 
value of 55.5 ymhos. I n each case q u i c k f l o w r u n o f f f o r the 
event and over the preceeding 10 days i s less than 25 000 m^  . 
This i s i n t e r p r e t e d as f l u s h i n g of so l u t e s from the catchment. 
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which have accumulated d u r i n g the dry p e r i o d p r i o r t o the 
f l o o d event. However, a f u r t h e r 8 small f l o o d events which 
f o l l o w dry periods do not record a mean q u i c k f l o w s p e c i f i c 
conductance exceeding baseflow f o r reasons which are not 
c l e a r . Seven f l o o d events record a drop i n mean q u i c k f l o w 
s p e c i f i c conductance below the baseflow value of 55.5 umhos. 
I n a l l cases q u i c k f l o w r u n o f f f o r the event p l u s q u i c k f l o w 
r u n o f f i n the preceeding ten days exceeds 25 000 m^  , How-
ever t h i s cannot be regarded as a simple d i l u t i o n e f f e c t 
since f o r one of the events the s p e c i f i c conductance of p r e -
c i p i t a t i o n exceeds t h a t of baseflow. 
Modelling temporal v a r i a t i o n s i n s o l u t e c o n c e n t r a t i o n s 
to o b t a i n an estimate of mean annual s o l u t e y i e l d from long 
term p r e c i p i t a t i o n and stream f l o w records i s not necessary. 
V a r i a t i o n s i n s p e c i f i c , conductance over f l o o d events i n the 
Nar r a t o r Brook tend t o average out t o a mean value which does 
not d i f f e r g r e a t l y from the baseflow value of 55.5 umhos. 
This means t h a t mean annual s o l u t e y i e l d can be estimated by 
simply combining baseflow s o l u t e c o n c e n t r a t i o n w i t h mean 
annual r u n o f f . 
8.3 S p a t i a l v a r i a t i o n s i n suspended sediment ; 
and s o l u t e t r a n s p o r t 
As a r e s u l t of i t s small a r e a l e x t e n t , i n p u t s of pr e -
c i p i t a t i o n and bulk f a l l o u t t o the N a r r a t o r catchment can be 
considered t o be s p a t i a l l y u n iform. This means t h a t down-
stream v a r i a t i o n s i n sediment and s o l u t e c o n c e n t r a t i o n s and 
c o n t r a s t s i n u n i t area sediment and s o l u t e y i e l d s between 
sub-catchments can be r e l a t e d d i r e c t l y t o s p a t i a l v a r i a t i o n s 
i n catchment c h a r a c t e r i s t i c s . Since the Na r r a t o r catchment 
i s u n d e r l a i n by a s i n g l e rock type, catchment c h a r a c t e r i s t i c s 
which vary s p a t i a l l y are l i m i t e d t o v e g e t a t i o n , s o i l t ype, 
topography and channel c h a r a c t e r i s t i c s . 
The most prominent f e a t u r e of downstream v a r i a t i o n s i n 
mean baseflow suspended sediment c o n c e n t r a t i o n along the 
Nar r a t o r Brook are the high values f o r Sts 29, 28 and 27 
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close t o the source of the stream. High mean c o n c e n t r a t i o n s 
exceeding 1 mg/£ a t these s t a t i o n s are due t o i n f l u x of 
c o l l o i d a l m a t e r i a l from the marshes which border the stream 
i n t h i s v i c i n i t y . ' Between Sts 27 and 25 t h i s c o l l o i d a l 
m a t e r i a l i s f i l t e r e d from the stream by weeds on the stream 
bed. Below St 25 mean baseflow suspended sediment concen-
t r a t i o n s are a l l below 1 mg/£. Downstream v a r i a t i o n s i n 
mean sediment c o n c e n t r a t i o n below St 25 are gradual and mean 
co n c e n t r a t i o n a t a s t a t i o n i s l a r g e l y a r e f l e c t i o n o f the 
co n c e n t r a t i o n a t the next s t a t i o n upstream. D i f f e r e n c e s i n 
mean c o n c e n t r a t i o n between s t a t i o n s are r e l a t e d t o the 
g r a d i e n t of the i n t e r v e n i n g channel s e c t i o n . Mean concen-
t r a t i o n s tend t o d e c l i n e downstream along channel s e c t i o n s 
w i t h steep g r a d i e n t s , p o s s i b l y as a r e s u l t of s e t t l i n g out 
of suspended sediment i n plunge pools d u r i n g baseflow p e r i o d s . 
A m u l t i p l e r e g r e s i o n equation w i t h mean sediment concentra-
t i o n a t the adjacent upstream s t a t i o n {X^) and the g r a d i e n t 
of the i n t e r v e n i n g channel s e c t i o n (X^) as independent v a r i a -
bles can be used t o p r e d i c t mean baseflow sediment concentra-
t i o n at a s t a t i o n (Y) w i t h i n - 0.13 mg/£ w i t h 95% conficence, 
Y=0.189+0,734X^-0,00154X2(Data from Sts 30-26 are excluded). 
Besides channel g r a d i e n t , another f a c t o r of some impor-
tance w i t h respect t o baseflow suspended sediment, which 
helps t o e x p l a i n some of the discrepancy between observed and 
p r e d i c t e d baseflow sediment c o n c e n t r a t i o n s , i s the f o r m a t i o n 
of d e b r i s dams. Debris dams between Sts 16 and 15 may be 
respo n s i b l e f o r depressing mean baseflow sediment concentra-
t i o n a t St 15 from a p r e d i c t e d value of 0.50 mg/£ t o an ob-
served value o f 0,34 mg/l. 
The main f e a t u r e of downstream v a r i a t i o n s i n mean base-
f l o w s p e c i f i c conductance along the N a r r a t o r Brook i s a r i s i n g 
t r e n d below St 13 from 48.8 '^ mhos a t St 13 t o 55.7 umhos a t 
St 1. This i s c l e a r l y l i n k e d t o the presence of the f o r e s t 
p l a n t a t i o n . The p r o p o r t i o n of f o r e s t area t o t o t a l c a t c h -
ment area e x p l a i n s 94% of the v a r i a t i o n s i n s p e c i f i c conduc-
tance below St 13. The increase i n baseflow s p e c i f i c con-
ductance i n the f o r e s t s e c t i o n of the N a r r a t o r Brook could 
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be due t o one or a combination of increased e v a p o t r a n s p i r a -
t i o n , rock weathering, or atmospheric f a l l o u t i n the f o r e s t 
r egion of the catchment r e l a t i v e t o moorland or grassland 
regions. 
Above St 13, mean baseflow s p e c i f i c conductance v a r i e s 
l i t t l e from 48 umbos except i n the s e c t i o n between Sts 29 t o 
27 where values range from 48.9 pmhos t o 49.1 pmhos. These 
higher values are due t o i n f l o w from marshes bor d e r i n g t h i s 
s e c t i o n of the channel, 
Y i e l d of suspended sediment or s o l u t e s i s the product 
of c o n c e n t r a t i o n and r u n o f f . D i f f e r e n c e s i n suspended s e d i -
ment .and s o l u t e y i e l d s f o r the three gauging s i t e s on the 
Nar r a t o r Brook are due i n p a r t t o d i f f e r e n c e s i n recorded 
r u n o f f a t th e . t h r e e s i t e s (1 312 mm, 1 582 mm and 1 420 mm 
f o r Sts 1, 11 and 21 r e s p e c t i v e l y ) . These d i f f e r e n c e s i n 
r u n o f f may be p a r t l y a r e s u l t of inaccuracy i n the e s t i m a t i o n 
of r u n o f f introduced mainly through e x t r a p o l a t i o n of d i s -
charge r a t i n g curves. However the low r u n o f f a t St 1 i n 
comparison t o St 11 can be explained, by i n f l u e n t seepage i n 
the channel between Sts 11 and 1. 
Di f f e r e n c e s i n sediment v i e l d f o r the three gauging 
s i t e s ( 4 . 0 t/km^, 5.2 t/km^ and 3.3 t/km' f o r Sts 1,11 and 21 
r e s p e c t i v e l y ) are gr e a t e r than d i f f e r e n c e s i n r u n o f f and thus 
represent c o n t r a s t s i n sediment p r o d u c t i o n among the th r e e 
sub-catchments. The increase i n sediment y i e l d at St 11 
r e l a t i v e t o St 21 i s probably a r e s u l t of higher grazing 
d e n s i t y i n the grassland r e g i o n of the catchment which forms 
16% of the catchment area above St 11 i n comparison t o o n l y 
1% above St 1. Heavily trampled ground, p a r t i c u l a r l y i f 
close t o the stream channel as i n the case of c a t t l e c r o s s i n g 
p o i n t s , may be an important source of sediment. Bank e r o s i o n 
between Sts 13 and 11 provides an a d d i t i o n a l supply o f s e d i -
ment. Sediment y i e l d a t St 1 i s not as gre a t as might be 
expected c o n s i d e r i n g both the network of ephemeral streams 
between Sts 1 and 11 and the eroding banks along the main 
channel. This apparent i n c o n s i s t e n c y can be exp l a i n e d , a t 
l e a s t t o some e x t e n t , by aggradation along the main channel 
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between Sts 1 and 11. 
Di f f e r e n c e s i n s o l u t e y i e l d s f o r the three gauging 
s t a t i o n s ( 5 4 . 9 t/km', 58.5 t/km' and 51.9 t/km' f o r Sts 1,11 
and 21 r e s p e c t i v e l y ) are less than d i f f e r e n c e s i n sediment 
y i e l d , and correspond more c l o s e l y t o d i f f e r e n c e s i n runoffs-
Rock type, which i s uniform over the Narra t o r catchment, 
i s the predominant f a c t o r c o n t r o l l i n g y i e l d o f s o l u t e s . 
Vegetation, land use and channel c h a r a c t e r i s t i c s appear 
to have much less i n f l u e n c e upon s o l u t e y i e l d than upon 
sediment y i e l d . Nevertheless, s o l u t e y i e l d i s a l i t t l e 
g r e a t e r a t St 1 than would be expected simply from r u n o f f 
i n d i c a t i n g t h a t s o l u t e p r o d u c t i o n i n the f o r e s t region o f the 
catchment i s higher than i n moorland or grassland r e g i o n s . 
This can be t r a c e d t o impaction of atmospheric s a l t s , a l t h -
ough r a t e s of weathering may al s o be g r e a t e r i n the f o r e s t . 
The complexity of the processes o p e r a t i n g and the m u l t i -
p l i c i t y of f a c t o r s i n v o l v e d , many of them d i f f i c u l t t o quan-
t i f y , have d e f i e d e f f o r t s t o model r a t e s of f l u v i a l t r a n s -
p o r t s u c c e s s f u l l y i n terms of environmental c o n t r o l s . At 
present, probably the most r e a l i s t i c approach t o e s t i m a t i n g 
the sediment or s o l u t e y i e l d of an ungauged catchment i s by 
reference t o measured y i e l d from a r e p r e s e n t a t i v e catchment 
which can be judged broadly s i m i l a r w i t h respect t o e n v i r o n -
mental s e t t i n g . Measured y i e l d s from the Na r r a t o r c a t c h -
ment serve as u s e f u l guide t o e s t i m a t i n g approximate y i e l d s 
f o r other catchments on the g r a n i t e area of Dartmoor. 
8.4 Rates of denudation 
In order t o compute r e l i a b l e r a t e s of denudation from 
stream sediment and s o l u t e y i e l d s two adjustments have t o be 
implemented. The f i r s t , which r e l a t e s p a r t i c u l a r l y t o com-
p u t a t i o n of chemical denudation from s o l u t e y i e l d s , i s de-
du c t i o n of the non-denudational component of t o t a l s o l u t e 
y i e l d c o n t r i b u t e d from the atmosphere. The gr e a t e r the 
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p r o p o r t i o n of t o t a l stream s o l u t e s o r i g i n a t i n g from the a t -
mosphere the more c r u c i a l i t s accurate e s t i m a t i o n . I n the 
case of suspended sediment the t o t a l y i e l d can be regarded 
as denudational. Waylen (1979) r e p o r t s t h a t i n a Mendips 
catchment p a r t i c u l a t e matter i n atmospheric f a l l o u t can 
c o n t r i b u t e s u b s t a n t i a l l y t o stream sediment y i e l d . However, 
f o l l o w i n g Waylen (1979) i t may be assumed t h a t dust s u p p l i e d 
t o the catchment from the atmosphere i s balanced by dust 
released t o the atmosphere from the catchment surface. 
The second adjustment, which r e l a t e s p r i n c i p a l l y t o 
computation of mechanical denudation from stream sediment 
t r a n s p o r t , concerns approximation t o long term mean annual 
y i e l d s . Rate of denudation i s , by i m p l i c a t i o n , representa-
t i v e of an extended p e r i o d of time. Often i n the l i t e r a t u r e 
denudation r a t e s are quoted i n mm/1000 years. Denudation 
r a t e s which are not r e p r e s e n t a t i v e of the long term have 
l i t t l e geomorphic s i g n i f i c a n c e . Sediment t r a n s p o r t by the 
Nar r a t o r Brook f l u c t u a t e s c o n s i d e r a b l y . Suspended sediment 
discharge over the p e r i o d o f ob s e r v a t i o n ranged from 131 t o 
0.03 gm/s. I n one 24 hour p e r i o d 2.6 tonnes o f suspended 
sediment was discharged r e p r e s e n t i n g 13.5% of the t o t a l y i e l d 
over 19 months. I n t h i s s i t u a t i o n several years of observa-
t i o n are r e q u i r e d t o o b t a i n a r e l i a b l e estimate of mean 
annual sediment y i e l d f o r computation of mechanical denuda-
t i o n r a t e . Reservoir sedimentation can provide a very 
valuable s h o r t cut t o e s t i m a t i n g mean annual y i e l d s and has 
been employed on several occasions t o determine denudation 
r a t e s f o r catchments i n Great B r i t a i n (e.g. Young 1958, 
Cummins & P o t t e r 1972, Ledger e t a l 1974). The B u r r a t o r 
Reservoir has been c o l l e c t i n g sediment from the N a r r a t o r 
Brook and neighbouring streams since 1895. A v o l u m e t r i c 
survey of the sediment i n the r e s e r v o i r undertaken by the 
South West Water A u t h o r i t y i n 1950, a f t e r adjustments f o r 
s i l t d e n s i t y and r e s e r v o i r t r a p e f f i c i e n c y , i n d i c a t e s a mean 
annual i n f l o w of sediment.amounting t o 24.3 t/km^/yr over the 
pe r i o d 1895 t o 1950. This i s appr e c i a b l y g r e a t e r than the 
4.02 t/km^ discharged from the Na r r a t o r catchment over the 
19 months of observ a t i o n from May 1975 t o December 1976. 
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T o t a l y i e l d over the period of o b s e r v a t i o n , which probably 
exceeds mean annual y i e l d g i v e s a computed contemporary r a t e 
of mechanical denudation (from equation 1.1) of no more than 
1.5 mVkmVyr or mm/1 000 yr i n comparison t o a value of 
9.2 m^/km^/yr or mm/1 000 y r d e r i v e d from r e s e r v o i r s e d i -
mentation up t o 1950. Bedload t r a n s p o r t i n the N a r r a t o r 
Brook i s only 2% of suspended sediment t r a n s p o r t and does 
not m a t e r i a l l y a f f e c t the computed r a t e of mechanical denu-
d a t i o n . Mean annual s o l u t e y i e l d can be approximated by 
combining mean annual r u n o f f w i t h baseflow s o l u t e c o n c e n t r a -
t i o n . T h i s g i v e s a f i g u r e of 39 t/km^/yr. A f t e r sub-
t r a c t i o n of the non-denudational component of 70.1%, chemical 
denudation f o r the Narrator catchment i s c a l c u l a t e d a t 
4.4 m V k mVyr or mm/1 000 y r . 
Rates of denudation f o r the N a r r a t o r catchment can be 
u s e f u l l y compared t o r a t e s e s t a b l i s h e d f o r other small c a t c h -
ments i n B r i t a i n . I n B r i t a i n , where p r e c i p i t a t i o n i s of low 
i n t e n s i t y and spread evenly over the year, r a t e s of 
mechanical denudation are g e n e r a l l y "low i n comparison t o 
other c l i m a t e s , but the contemporary r a t e of denudation f o r 
the N a r r a t o r catchment appears low even by B r i t i s h standards 
( t a b l e 8.1). This can perhaps be a t t r i b u t e d t o the manage-
ment of the Nar r a t o r catchment which r e s t r i c t s commercial land 
use t o low i n t e n s i t y g r a z i n g and f o r e s t r y thereby m a i n t a i n i n g 
a dense continuous ground cover. The higher r a t e of denuda-
t i o n computed from sedimentation i n the B u r r a t o r r e s e r v o i r 
may be a r e s u l t of higher r a t e s of s o i l l oss d u r i n g the 
p e r i o d when the r e s e r v o i r catchment was p r i v a t e l y owned farm-
land. The very s e n s i t i v e response of mechanical denudation 
t o land use means t h a t d i f f e r e n c e s i n denudation r a t e s be-
tween catchments i n Great B r i t a i n cannot be accorded any r e a l 
long term geomorphic s i g n i f i c a n c e . Some of the higher r a t e s 
of mechanical denudation l i s t e d i n t a b l e 8.1 undoubtedly r e -
f l e c t a c c e l e r a t e d e r o s i o n w i t h i n the catchment. The Kodge 
Beck catchment, f o r example, i s c h a r a c t e r i s e d by a c t i v e 
g u l l y i n g (Imeson 1969). 
Chemical denudation i s less s e n s i t i v e t o land use and 
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Table 8.1 Rates of mechanical denudation f o r small catch-
ments i n the B r i t i s h I s l e s . 
Catchment Rate of2Mechanical Denudation 
(m /km / y r or mm/lOOO y r ) 
Source 
N a r r a t o r Brook, Devon 1.5 (contemporary r a t e ) 
B u r r a t o r R e s e r v o i r , Devon 9.2 (average r a t e 
1985-1950) 
S t r i n e s R e s e r v o i r , 
Y o r k s h i r e 
Cropston R e s e r v o i r , 
L e i c e s t e r s h i r e 
C atclough R e s e r v o i r , 
Northumberland 
Catchwater D r a i n , 
Y o r k s h i r e 
Drewton Beck, York-
shj.re 
Hodge Beck, York-
s h i r e 
Upper Wye V a l l e y , 
Wales 
F i v e s m a l l Devon 
catchments 
Ebyr North, Wales 
Ebyr South, Wales 
Blackbrcok, 
L e i c e s t e r s h i r e 
North Esk R e s e r v o i r , 
S c o t l a n d 
Hopes R e s e r v o i r , 
S c o t l a n d 
E a s t Twin Brook, 
Mendips 
130 
12.9 
114 
3.4 
0.4 
181 
18.1 
3.8 - 20.8 
0.3 
0.4 
8.3 
12.8 
11.8 
1 .0 
Young 1958 
Cummins & P o t t e r 1967 
H a l l 1967 
Imeson 1969 
Imeson 1969 
Imeson 1969 
Slaymaker 1972 
Gregory & W a l l i n g 1973 
Oxley 1974 
Oxley 1974 
P o t t e r 1973 
Ledger e t a l 1974 
Ledger e t a l 1974 
Wayien 1979 
consequently inter-catchment comparisons are more meaningful 
i n geomorphic terms. The r a t e of chemical denudation f o r t h e 
Nar r a t o r catchment^which can be considered r e p r e s e n t a t i v e of 
Dartmoor G r a n i t e , i s r e l a t i v e l y low i n comparison t o oth e r 
rock types i n B r i t a i n ( t a b l e 8.2). I t i s comparable t o 
ra t e s of chemical denudation f o r o l d r e s i s t a n t sedimentary 
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Table 8.2 Rates of chemical denudation f o r d i f f e r e n t rock 
types i n B r i t a i n . 
Rock Typ e / L o c a t i o n 
G r a n i t e , Dartmoor . 
S i l u r i a n greywackes,. 
Mid-Wales 
Devonian sandstone, 
Mendips 
V a r i o u s sedimentary^ 
Devonian to Permian, 
Exe R i v e r B a s i n 
Limestone,S.Pennines 
Limestone, Cheddar 
Chalky boulder c l a y , 
E. Y o r k s h i r e 
Rate of Chemical 
Denudation 
(mVkmVyr or mm/lOOO y r ) 
4.4 
1 .9 
1.6 
2 - loo 
75 - 83 
80 - 102 
51 .8 
Source 
Oxiey 1974 
Waylen 1979 
W a l l i n g & Webb 1978 
P i t t y 1968 
Smith & Newson 1974 
Imeson & Ward 1972 
rocks which form the Mid-Wales Highlands and the Mendip H i l l s , 
but a p p r e c i a b l y lower than the younger l e s s r e s i s t a n t s e d i -
mentary rocks of the Exe River Basin. Highest chemical 
denudation r a t e s of a l l occur i n calcareous rocks, exceeding 
the r a t e f o r Dartmoor Granite by a t l e a s t t en times. The 
r e l a t i v e l y low r a t e f o r Dartmoor Granite i s t o be expected 
since according t o Gorham (1961) chemical denudation of 
g r a n i t e i n B r i t a i n i s slow i n comparison t o most sedimentary 
rocks. Furthermore, chemical denudation i s slower f o r t r u e 
g r a n i t e , such as the Dartmoor G r a n i t e , where o r t h o c l a s e i s 
the dominant f e l s p a r , than f o r o t h e r members of the g r a n i t e 
f a m i l y (Garrels & McKenzie 1967). However, i n warmer c l i -
mates, g r a n i t e appears t o s u f f e r g r e a t e r chemical denudation. 
Rates of chemical denudation f o r g r a n i t e i n a moist t r o p i c a l 
c l i m a t e r e p o r t e d by Douglas (1968), are on a par w i t h B r i t i s h 
limestone. 
A c c e l e r a t i o n of denudation r a t e s as a r e s u l t of human 
a c t i v i t i e s means t h a t e x t r a p o l a t i o n of present measured r a t e s 
through geologic time t o a s s i s t i n landscape i n t e r p r e t a t i o n 
must be approached w i t h extreme c a u t i o n . The s o l u t e system 
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i s more robust than the sediment system i n t h i s regard. 
Nevertheless increase i n p r e c i p i t a t i o n a c i d i t y r e s u l t i n g 
from atmospheric p o l l u t i o n may boost n a t u r a l r a t e s of 
chemical denudation considerably (Johnson e t a l 1972). The 
apparent excess of sulphate i n the N a r r a t o r Brook over and 
above t h a t supplied i n bulk f a l l o u t may i n d i c a t e t h a t 
a c c e l e r a t e d chemical denudation i s o c c u r r i n g i n the N a r r a t o r 
catchment. However, since r a t e s of both chemical and 
mechanical denudation f o r the N a r r a t o r catchment are small i n 
comparison t o other catchments i n B r i t a i n a c c e l e r a t i o n of 
denudation r a t e s i s u n l i k e l y t o be of major importance. Extxa-
p o l a t i n g the present r a t e of denudation f o r Dartmoor back 
through the Holocene, since the close of the Pleistocene some 
10 000 years ago, n o t w i t h s t a n d i n g c l i m a t i c f l u c t u a t i o n s 
d u r i n g t h i s p e r i o d , t o t a l denudation^ (mechanical and 
chemical combined) has probably amounted t o l i t t l e more than 
0.06 metres. Although t h i s i s u n l i k e l y t o have been u n i -
formly d i s t r i b u t e d over the catchment so t h a t erosion i n 
l o c a l i s e d areas may have been much g r e a t e r , the landscape as 
a whole can have changed l i t t l e since the Pleistocene. This 
accounts f o r the comparative freshness of f e a t u r e s r e s u l t i n g 
from p e r i g l a c i a l processes o p e r a t i n g d u r i n g the Ple i s t o c e n e . 
R e l i c s of pre-Pleistocene landscapes have also been preserved 
on Dartmoor. Because of i t s d u r a b i l i t y Dartmoor has pro-
vided geomorphologists w i t h unique clues i n the r e c o n s t r u c -
t i o n of the geomorphic h i s t o r y of Southern England. Through 
hi s a c t i v i t i e s on Dartmoor, i n p a r t i c u l a r mineral e x p l o i t a -
t i o n , man has had a gr e a t e r impact upon the landscape i n a 
couple of c e n t u r i e s than 10 000 years of the undisturbed 
o p e r a t i o n of geomorphic processes. This i s c o n s i s t e n t w i t h 
Brown's (1979) view t h a t physiographic e v o l u t i o n d u r i n g the 
Holocene i n B r i t a i n as a whole has been l a r g e l y anthropogenic. 
The slow r a t e of denudation on Dartmoor i s r e f l e c t e d i n the 
general a l t i t u d e of the r e g i o n . Through d i f f e r e n t i a l e r o s i o n 
the g r a n i t e area of Dartmoor has emerged as a highland r e g i o n 
standing above the surrounding less durable sedimentary and 
m.etamorphic rocks. W a l l i n g & Webb (1978) discovered a 
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strong inverse c o r r e l a t i o n between chemical denudation and 
a l t i t u d e w i t h i n the Exe River Basin which they also i n t e r -
p reted i n terms of d i f f e r e n t i a l e r o s i o n . 
8.5 P r a c t i c a l i m p l i c a t i o n s 
The slow r a t e of denudation i n the Na r r a t o r catchment 
i s r e f l e c t e d i n the q u a l i t y of r u n o f f . Baseflow suspended 
sediment c o n c e n t r a t i o n i n the N a r r a t o r Brook i s g e n e r a l l y 
below 1 mq/l and the c l a r i t y of stream water a t these times 
i s e x c e l l e n t . During f l o o d periods sediment c o n c e n t r a t i o n 
and stream t u r b i d i t y r i s e s h a r p l y , but these periods are of 
short d u r a t i o n . Flood periods accounted f o r only 9.7% o f 
the t o t a l p e r i o d of o b s e r v a t i o n . Experiments conducted by 
the Water P o l l u t i o n Research Laboratory (1961) r e v e a l t h a t 
suspended sediment c o n c e n t r a t i o n s i n excess of 270 mg/£ f o r 
an extended p e r i o d can k i l l t r o u t . Sediment c o n c e n t r a t i o n 
i n the N a r r a t o r Brook exceeded 270 mg/£ f o r a t o t a l p e r i o d 
of less than an hour d u r i n g the 19 months of ob s e r v a t i o n im-
posing l i t t l e r e a l t h r e a t t o the stream^ t r o u t p o p u l a t i o n . 
N e i t h e r can sedimentation i n the B u r r a t o r Reservoir be con-
sidered a problem. Accumulation of sediment i n the r e s e r -
v o i r occupies l e s s than 2% of i t s o r i g i n a l c a p a c i t y , and i f 
present r a t e s are maintained a t l e a s t 2 000 years w i l l 
elapse before t h i s c a p a c i t y i s reduced t o h a l f by sedimenta-
t i o n . 
Despite Dartmoor's r e s i s t a n c e t o ero s i o n when un d i s t u r b e d , 
c a r e f u l management i s e s s e n t i a l t o preserve water q u a l i t y 
and m a i n t a i n low r a t e s of sedimentation. Due t o r a p i d s a t -
u r a t i o n , peaty s o i l s are s u s c e p t i b l e t o sheet er o s i o n f o l l -
owing damage t o the p r o t e c t i v e cover of moorland v e g e t a t i o n . 
Several s t u d i e s have r e p o r t e d very r a p i d r a t e s of e r o s i o n 
on B r i t i s h peatlands as a r e s u l t of heather burning or over-
gr a z i n g ( T a l l i s 1964, C u r t i s 1965, Imeson 1971a, Ledger e t a l 
1974), The sandy growan which u n d e r l i e s surface peat i s 
also su b j e c t t o r a p i d r a t e s of e r o s i o n once exposed. I n 
1962, i n the catchment of the Newleycombe Lake adjacent t o 
the N a r r a t o r catchment, an u n l i n e d drainage d i t c h was excav-
ated i n order t o conduct ov e r f l o w from the Devonport Leat 
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i n t o the stream channel. Once the overflow broke through 
the peat i n t o the u n d e r l y i n g growan er o s i o n became very 
r a p i d and by 1976 approximately 4 5oo m^  of growan had been 
removed from the s i t e c r e a t i n g a l a r g e g u l l y . This g u l l y 
has probably c o n t r i b u t e d i n the r e g i o n of 10% of t o t a l 
sediment accumulated i n the B u r r a t o r Reservoir. 
Although sediment p r o d u c t i o n from the f o r e s t e d r e g i o n 
of the N a r r a t o r catchment as a whole i s probably not g r e a t l y 
i n excess of moorland or grassland r e g i o n s , i t i s apparent 
t h a t a f f o r e s t a t i o n has l e d t o marked a c c e l e r a t i o n of bank 
e r o s i o n . This undesirable s i d e - e f f e c t of a f f o r e s t a t i o n 
can be avoided by l e a v i n g a s t r i p of ground adjacent t o 
stream channels unplanted. Since ground surface v e g e t a t i o n 
i s sparse i n f o r e s t e d areas, when the t r e e s are harvested 
r a p i d r a t e s of e r o s i o n are l i k e l y t o f o l l o w . Several s t u d -
i e s have r e p o r t e d l a r g e increases i n sediment y i e l d from 
catchments which have undergone timber harvest ( L u l l & 
Rheinhart 1963, Fredricksen 1970, Pierce e t a l 1970, Megehan 
1972). Forest i n the N a r r a t o r catchment has never p r e v i o u s -
l y been harvested, but soon a f t e r completion of the present 
research l o g g i n g a c t i v i t i e s were commenced. Observed s e d i -
ment y i e l d s d u r i n g the p e r i o d of research provide a y a r d -
s t i c k by which t o gauge the impact of these a c t i v i t i e s upon 
sediment t r a n s p o r t r a t e s . 
With respect t o d i s s o l v e d s o l i d s , even before purchase 
of the B u r r a t o r catchment by Plymouth Corp o r a t i o n , stream 
water was "exceedingly pure, approaching rainwater i n s o f t -
ness" (Sandeman 1901). Concentration of t o t a l d i s s o l v e d 
s o l i d s i n the N a r r a t o r Brook i s a t a l l times w e l l below the 
hi g h e s t d e s i r a b l e l e v e l of 500 mg/£ recommended by the World 
Health Organisation f o r d r i n k i n g water (Henderson-Sellars, 
1979). A l l i n d i v i d u a l c o n s t i t u e n t s are also w e l l w i t h i n 
acceptable l i m i t s except i r o n . The r e l a t i v e m o b i l i t y of 
i r o n i n the N a r r a t o r Brook i s g r e a t e r than normally r e p o r t e d 
from g r a n i t e catchments as a r e s u l t of i t s combination w i t h 
c o l l o i d a l humus which d i s c o l o u r s stream water d u r i n g f l o o d 
p e r i o d s . Concentration of i r o n i n the B u r r a t o r Reservoir i s 
almost always i n excess of the h i g h e s t d e s i r a b l e l e v e l of 
0.1 mq/t, o c c a s i o n a l l y exceeding the maximum p e r m i s s i b l e 
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l e v e l of 1.0 mg/£, and B u r r a t o r water has t o be t r e a t e d w i t h 
alum t o remove i r o n i n c o l l o i d a l suspension. Weed on the 
bed of the N a r r a t o r Brook r e g u l a t e s t r a n s p o r t o f t h i s 
c o l l o i d a l m a t e r i a l e f f e c t i v e l y l i m i t i n g i t t o f l o o d p e r i o d s . 
During baseflow i t i s almost e n t i r e l y f i l t e r e d from the 
stream water by the weeds. I n view of the d e t r i m e n t a l 
e f f e c t of i r o n upon water q u a l i t y t h i s phenomenon deserves 
c l o s e r s c r u t i n y . 
Forest cover i n the N a r r a t o r catchment i s r e s p o n s i b l e 
f o r l o c a l l y r a i s i n g mean baseflow s o l u t e c o n c e n t r a t i o n s from 
a background c o n c e n t r a t i o n of 49.0 ymhos i n the moorland and 
grassland regions of the catchment t o 110.8 ymhos. This 
need not i n f l u e n c e management p o l i c y on Dartmoor where low 
r a t e s of chemical denudation mean t h a t background s o l u t e 
c o n c e n t r a t i o n s are low. However, i n catchments where back-
ground c o n c e n t r a t i o n s are h i g h e r , a f f o r e s t a t i o n could w e l l 
push the s a l i n i t y o f the stream beyond the maximum d e s i r a b l e 
l e v e l f o r d r i n k i n g water. C a r e f u l design of the p l a n t a t i o n 
can o f f - s e t t h i s e f f e c t t o some degree. I n a d d i t i o n t o the 
p r o p o r t i o n a l area o f the catchment t o be f o r e s t e d a t t e n t i o n 
should also be given t o the l e n g t h of f o r e s t p erimeter. I t 
appears from o b s e r v a t i o n i n the catchments of three streams 
f l o w i n g i n t o the B u r r a t o r Reservoir t h a t the impact o f 
a f f o r e s t a t i o n upon stream s o l u t e c o n c e n t r a t i o n i s minimised 
i n p l a n t a t i o n s which have a low r a t i o of f o r e s t perimeter t o 
f o r e s t area. 
8.6 R e l a t i v e importance cf sediment and 
s o l u t e loads 
The y i e l d of s o l u t e s from the N a r r a t o r catchment a t 
259 t g r e a t l y outweighs the 18.8 t of suspended sediment. 
A f t e r removal of the non-denudational component of stream 
s o l u t e s , the denudational component a t 67.6 t s t i l l exceeds 
suspended sediment y i e l d by t h r e e times. Comparison of g l o b a l 
trends i n sediment and s o l u t e by Gregory & W a l l i n g (1973)^ 
i n d i c a t e s t h a t excess of s o l u t e y i e l d over sediment y i e l d i s 
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t o be expected i n a humid temperate c l i m a t e . However, i t 
appears from these t r e n d s , given a sediment y i e l d of 4 t/km^ 
f o r the Nar r a t o r catchment, t h a t the r a t i o of s o l u t e y i e l d 
to sediment y i e l d should range from only 2.2 f o r p l a i n l a n d s 
to 1.0 f o r mountainous re g i o n s . Separating the N a r r a t o r 
catchment i n t o t h ree component sub-catchments, the h i g h e s t 
r a t i o of s o l u t e y i e l d t o sediment y i e l d (15.6) occurs a t St 
21 above which the catchment area i s almost e n t i r e l y covered 
by peat. For the sub-catchment areas above Sts 11 and 1, 
which are only p a r t i a l l y covered by peat, the r a t i o s are 
smaller at 11.7 and 13.8 r e s p e c t i v e l y . These r e l a t i v e l y 
high r a t i o s of s o l u t e y i e l d t o sediment y i e l d f o r the 
N a r r a t o r catchment may have some bearing upon the o r i g i n of 
growan on Dartmoor which has been the subj e c t of some con-
t r o v e r s y i n recent years. Despite the slow r a t e of weather-
ing under the co o l c l i m a t e of Dartmoor a t present, c o n t i n u a l 
accumulation of decomposed g r a n i t e may s t i l l be t a k i n g p l a c e , 
p a r t i c u l a r l y beneath a p r o t e c t i v e b l a n k e t of peat. This 
lends support t o the view expressed .by Eden & Green (1971) 
t h a t Dartmoor growan i s a product of c l i m a t i c c o n d i t i o n s 
s i m i l a r t o present, r a t h e r than being a r e l i c o f a former 
t r o p i c a l c l i m a t e . 
The r a t i o of suspended sediment t o t o t a l s o l u t e s d i s -
charged from the N a r r a t o r catchment v a r i e d considerably over 
the p e r i o d of o b s e r v a t i o n . On occasions, f o r b r i e f p eriods 
o n l y , sediment y i e l d overhauled s o l u t e y i e l d . On 8/7/75 a t 
12.30 am, close t o the peak of a small f l o o d event generated 
by a sh o r t d u r a t i o n high i n t e n s i t y r a i n s t o r m , sediment y i e l d 
exceeded s o l u t e y i e l d by a f a c t o r of 5.3 (130,7 and 24,8 gm/s 
r e s p e c t i v e l y ) . At the other extreme, d u r i n g low baseflow i n 
the N a r r a t o r Brook^ sediment y i e l d , i s g e n e r a l l y exceeded by 
s o l u t e y i e l d by a f a c t o r of more than a 100 (0,02 and 2,5 
gm/s r e s p e c t i v e l y ) . 
O v e r a l l , t r a n s p o r t of sediment as bedload i n the 
Narra t o r Brook amounts t o only 2.3% of the t r a n s p o r t of s e d i -
ment i n suspension (0.43 and 18.8 t r e s p e c t i v e l y over the 
p e r i o d of o b s e r v a t i o n ) . This i s i n accord w i t h o b s e r v a t i o n s 
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i n other small catchments,in B r i t a i n where bedload i s i n s i g -
n i f i c a n t i n comparison t o suspended load (Walling 1971a, 
Imeson & Ward 1972). With respect t o long term denudation, 
t h e r e f o r e , bedload t r a n s p o r t i s r e l a t i v e l y unimportant. 
Over i n d i v i d u a l f l o o d events,however,the c o n t r i b u t i o n of bed-
load t o t o t a l sediment load v a r i e s c o n s i d e r a b l y , depending 
upon the nature of the f l o o d . The h i g h e s t r e l a t i v e r a t e of 
bedload t r a n s p o r t occurred d u r i n g the p e r i o d 3-17/2/76. This 
p e r i o d included a s i n g l e f l o o d event which reached a peak 
discharge of 1 845 £/s, but was generated by r e l a t i v e l y low 
i n t e n s i t y p r e c i p i t a t i o n (maximum 2 hr p r e c i p i t a t i o n - 6.3 mm). 
Bedload t r a n s p o r t d u r i n g t h i s p e r i o d exceeded the c a p a c i t y of 
the bedload t r a p , and thus accounted f o r a t l e a s t 5.0% of 
t o t a l sediment t r a n s p o r t e d d u r i n g the p e r i o d . By c o n t r a s t , 
f o r the p e r i o d 17-31/8/76, which i n c l u d e d a s i n g l e event o f 
lov/ peak discharge (169 Z/s) , but generated by high i n t e n s i t y 
p r e c i p i t a t i o n (maximum 2 hr p r e c i p i t a t i o n - 21.0 mm), bedload 
comprised only 0.16% of t o t a l sediment t r a n s p o r t e d . 
O v e r a l l , t h e r e f o r e , stream s o l u t e s c o n s t i t u t e the most 
important component of f l u v i a l t r a n s p o r t i n the Na r r a t o r Brook, 
f o l l o w e d by suspended sediment, w i t h bedload forming a very • 
small p r o p o r t i o n o f the t o t a l . 
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APPENDIX 
DETAILED LONG PROFILE OF THE NARRATOR BROOK 
The p r o f i l e i s separated i n t o 30 sect i o n s between 
randomly selected stream sampling s t a t i o n s . I n t e r v a l s 
on the v e r t i c a l scale represent Im and on the h o r i z o n t a l 
scale 10m. The lower l i n e on the p r o f i l e i s the stream 
bed w h i l e the upper l i n e i s the water surface 
corresponding t o normal baseflow. 
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1 6 - 1 7 / 8 / 7 5 2 0 . 0 1 0 3 8 4 4 6 2 0 . 0 8 . 2 3 6 3 1 1 6 6 . 7 
1 8 - 2 0 / 8 / 7 5 6 . 0 2 1 2 1 1 9 4 6 4 . 6 5 . 7 9 3 5 2 1 8 2 . 1 
1 3 - U / 9 / 7 5 1 3 . 1 3 4 5 1 9 0 5 5 6 8 . 9 6 . 5 1 4 8 8 4 2 4 2 7 . 6 
2 5 - 2 6 / 9 / 7 5 1 2 . 6 2 9 0 1 5 2 5 3 1 8 . 0 6 . 8 1 1 8 4 8 2 1 7 . 5 
2 7 / 9 / 7 5 6 . 7 2 0 8 1 4 6 7 8 1 6 . 7 6 . 3 8 2 5 4 3 4 6 . 6 
2 / 1 0 / 7 5 1 0 . 1 2 4 0 1 7 4 7 1 4 8 . 3 1 2 . 9 9 6 6 4 3 5 2 0 . 3 
3 / U / 7 5 1 3 . 5 3 4 5 1 8 9 7 1 6 8 . 5 1 1 . 7 1 5 6 5 2 2 9 2 9 . 9 
2 3 - 2 4 / 1 1 / 7 5 2 2 . 8 6 3 6 3 0 8 7 9 4 4 . 6 1 8 . 8 2 4 1 1 1 9 3 7 1 6 . 7 
2 5 - 2 6 / 1 1 / 7 5 2 . 1 2 8 4 2 0 4 1 2 1 1 2 . 5 1 . 2 1 0 0 7 7 4 0 4 . 3 
2 7 - 2 8 / 1 1 / 7 5 3 0 . 1 1 7 8 2 6 3 9 1 3 2 2 7 5 . 0 2 9 . 1 6 7 7 2 4 9 4 2 9 8 . 7 
2 8 - 2 9 / 1 1 / 7 5 3 . 8 1 3 2 0 5 4 7 1 9 5 2 0 4 . 5 3 . 9 4 8 5 1 9 9 5 0 7 5 . 5 
1 - 2 / 1 2 / 7 5 3 2 . 1 2 2 3 6 6 7 0 1 8 2 1 3 6 . 9 2 2 . 0 8 4 7 2 5 3 5 0 5 3 . 9 
2 8 - 2 9 / 1 / 7 6 1 9 . 7 5 2 0 2 2 4 6 6 6 2 . 6 1 1 . 0 1 9 2 7 0 2 7 2 2 . 0 
3 0 / 1 / 7 6 1 2 . 6 2 0 2 1 5 4 9 6 3 0 . 3 1 2 . 9 8 7 6 6 4 5 1 4 . 3 
1 2 - 1 3 / 2 / 7 6 1 4 . 8 2 1 8 5 8 6 6 1 2 3 1 8 7 . 5 8 . 3 7 2 8 2 9 8 4 8 6 3 . 3 
1 2 - 1 3 / 3 / 7 6 2 7 . 5 1 9 4 1 7 6 0 1 1 4 1 1 7 . 9 1 3 . 4 7 0 0 3 6 1 4 0 4 4 . 0 
2 1 - 2 2 / 3 / 7 6 7 . 6 9 1 5 4 4 6 1 1 4 4 7 . 1 5 . 3 2 9 9 1 7 0 4 2 2 2 . 3 
2 9 / 8 / 7 6 5 4 . 8 1 3 5 8 3 3 9 9 6 . 0 5 5 . 5 2 5 2 1 1 6 4 . 5 
2 1 - 2 2 / 9 / 7 6 1 6 . 5 1 8 2 1 1 0 4 6 1 3 6 . 0 1 4 . 3 5 8 3 8 1 5 2 1 . 5 
3 0 / 9 - 1 / 1 0 / 7 6 1 9 . 0 2 0 2 1 4 0 5 6 5 . 6 5 . 1 9 0 5 5 2 0 3 . 0 
3 - 4 / 1 0 / 7 6 2 9 . 7 4 5 5 2 5 6 8 3 6 7 . 6 1 3 . 3 2 5 0 1 3 7 3 2 4 3 . 6 
5 - 7 / 1 0 / 7 6 2 8 . 0 2 4 4 8 7 2 0 1 0 7 1 8 0 . 1 1 5 . 0 1 1 6 0 3 7 5 3 8 8 6 . 3 
8 / 1 0 / 7 6 3 7 . 4 2 8 4 2 3 6 1 8 2 1 7 . 0 1 7 . 4 9 0 7 3 4 6 7 . 3 
1 4 - 1 6 / 1 0 / 7 6 1 9 . 2 1 4 3 0 5 2 7 1 6 3 5 3 . 9 4 . 0 5 5 9 2 5 0 5 0 2 2 . 1 
1 7 - 1 8 / 1 0 / 7 6 2 . 4 9 6 0 5 6 3 2 8 4 3 4 . 7 2 . 0 3 2 5 2 1 2 8 7 1 2 . 5 
2 1 / 1 0 / 7 6 3 . 3 5 7 1 5 4 7 3 4 0 4 6 . 2 2 . 5 1 8 5 1 5 1 1 0 0 1 8 . 9 
2 4 - 2 5 / 1 0 / 7 6 2 3 . 3 6 8 5 4 7 4 3 5 5 2 2 . 8 4 . 9 2 4 5 1 5 3 1 2 5 1 0 . 9 
1 / 1 1 / 7 6 5 . 4 4 9 8 4 1 9 2 9 0 2 6 . 0 2 . 3 1 7 5 1 4 3 9 0 1 7 . 0 
6 - 7 / 1 1 / 7 6 4 . 9 4 9 0 3 9 5 2 7 8 3 8 . 5 2 . 6 1 7 5 1 4 2 8 2 2 0 . 7 
2 8 - 2 9 / 1 1 / 7 6 9 . 8 5 1 5 3 0 6 1 6 9 8 6 . 5 6 . 5 2 1 5 1 5 7 6 7 4 9 . 3 
3 0 / 1 1 - 1 / 1 2 / 7 6 1 2 . 1 1 2 3 0 6 0 0 2 4 7 3 5 . 5 5 . 5 4 2 6 2 3 0 9 0 2 9 . 0 
1 - 2 / 1 2 / 7 6 4 . 5 5 7 0 4 4 9 3 1 0 4 3 . 3 4 . 5 2 4 1 2 0 8 1 0 0 2 5 . 0 
5 - 8 / 1 2 / 7 6 1 1 . 0 1 4 8 9 5 7 9 2 8 4 2 4 1 . 0 1 4 . 7 5 1 4 2 5 0 1 0 0 9 4 . 2 
I I . 1 2 . A n a l y s i s o f t e m p o r a l v a r i a t i o n s i n a c a n d i s c h a r g e w e i g h t e d s e d i m e n t c o n c e n t r a t i o n 
o f q u i c k f l o w a t S t s 1 1 a n d 2 1 , 2 6 / 5 / 7 5 - 1 3 / 1 2 / 7 6 . 
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